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FOREWORD 


This  report  is  the  IntOp  Interim  Manufacturing  Methods  Report 
caller)  for  under  Contract  DAAK  40-79-C-0255  at  the  conclusion  of 
the  Basic  Effort.  For  convenience  of  distribution  each  section  of 
the  four  major  sections  have  been  arranged  so  that  independent  dis¬ 
tribution  can  be  accommodated. 

This  interim  report  covers  the  period  of  July  1979  to  September 
1980.  A  presentation  of  the  need  for  precision  machined  optics  by 
the  Army  and  DOD  for  use  in  the  infrared  along  with  the  specification 
for  machinery  to  manufacture  these  elements,  metrology  to  measure 
the  components  and  a  facility  to  house  this  equipment  is  presented. 

A  calculation  for  the  return  in  investment  forms  part  of  this  report. 

The  program  is  under  the  direction  of  the  U.  S.  Army  Missile 
Command.  Mr.  William  Friday  is  the  Project  Engineer.  The  work 
at  IntOp  is  under  the  general  direction  of  Mr.  Arthur  E.  Hess  who  is 
acting  Program  Manager.  Technical  support  is  assigned  to  the 
engineering  department  under  the  direction  of  Mr.  Gordon  J.  Watt 
who  is  acting  as  Chief  Investigator. 
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1.  0  TASK  1,  Sl  RVEV 

1.1  FORK  WO  HD 

Paragraph  3.3.1  of  the  Basic  Effort  of  Contract  DAAK  40-79-C-0225 
requires  that  a  survey  be  made*  of  Army  and  other  DOD  applications 
and  requirements  lor  precision  machined  laser,  infrared  and  optical 
support  items. 

2.0  SCOPE 

A  survey  was  made  by  means  of  document  search,  mailed 
survey  questionnaires,  telephone  solicitation  and  personal 
meetings.  This  effort  resulted  in  a  compilation  of  programs 
with  their  associated  components  that  are  currently  in  design, 
prototype  or  production  phases.  Long  range  programs,  those 
that  are  in  the  pre-planning  or  planning  phase  have  not  been 
included. 

3.0  SOURCES  OF  SURVEY  DATA 

Field  visits,  supplemented  by  a  comprehensive  telephone 
solicitation  campaign  and  mailed  survey  questionnaires  to  a 
broad  base  of  government  and  civilian  organisations,  provided 
the  data  base. 

Among  Commerical  Organisations  contacted  were,  Ford  Aeronu- 
tronics,  TRW,  Rock  well  International,  Hughes  Aircraft,  McDonnell 
Douglas,  General  Dynamics,  Aerojet  General,  Northrop  Corp.  , 

Texas  Instruments,  Martin  Marietta,  Raytheon,  Boeing  Corp.,  IT  EK, 
Kollsman  Instrument,  Emerson  Electric,  Magnavox  Corp.  ,  Chrysler 
Corp.,  Teledyne  Brown  Eng'g.,  ITT  Corp.,  International  Laser  Systems. 

Among  Milita ry  were:  Naval  Ocean  Systems  Center,  Naval  Weapons 
Center,  Naval  Research  Laboratory,  Naval  Air  Systems  Command, 

Office  of  Naval  Research,  E/O  K-  Night  Vision  Labs,  MICOM,  AVRADCOM, 
Air  Force/RDQT  HD,  Air  Force  Systems  Command,  Wr,ght  Patterson 
Mat’l  Lab.  ,  DARPA,  TARCOM,  ARRADCOM,  TSARCOM,  Fort 
M  onmouth . 
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4.0  PRO,]  fcICT  141)  RF.QITRMENTS  -  SI'/.  E  SLMMARY  * 

The  following  List  is  a  tabulation  of  the  total  projected  IR  laser 
optics  requirement.  The  programs  involving  these  optics  are 
all  at  least  in  the  engineering  model  phase.  The  programs  in 
early  stages  of  planning  or  development  were  not  included 
because  of  the  uncertainty  of  their  ever  advancing  to  the 
production  phase  at  this  time.  This  of  course  implies  that 
many  more  requirements  than  those  detailed  here  will  exist 
during  the  next  ten  (10)  year  period. 


Ceometry 

Size 

Projected  Requirement 
(  Now  through  1990  ) 

Flats 

*  2"  x  2" 

145,  000  to  169,  000 

Flats 

7  2"  x  2" 

9,  000  to  12,000 

Polygon  Scanners 

1  3]"  dia. 

96, 200 

Polygon  Scanners 

>  3| "  dia. 

30, 000 

Sphe  rics 

i  5"  dia. 

541,  908  to  625,  908 

Sphe  rics 

>5"  dia. 

30, 000 

A  sphe  rics 

5  5"  dia. 

234,636 

Aspherics 

7  5”  dia. 
but 

<  10"  dia. 

4,  136 

Candidate  Parts  for  Precision  Machining  Technology  - 
Current  State -of -the -A  rt. 
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TO  I  Al.  1  *110.1  i-lCT  ill ) 

IK  /  l.ASKK  OP  DCS  KKUl 

IK  KM K NTS 

M  A 

IKKIALS  SI  MMARV 

( ii'onuM  ry  K  Size 

Mate  rial 

Quantity 

Flats  (  f  2"  x  2") 

Alutnin urn 

131,  000 

Flats  (  7  2"  x  2  ") 

C  je  rnianium 

14,  000  to  3  8,  000 

Polygon  Scanners 
(  i  >]  "  diamete  r ) 

Aluminum 

9,  000  to  12,  000 

Poly  Hon  Scanners 
(7  3  ‘  "  diamete  r ) 

Brass 

96, 200 

Sphe  rics 
( *  o"  diameter) 

Aluminum 

183, 000 

Ge  rnianium 

250, 908  to  334, 908 

Mag  Flouride 

78, 000 

Zinc  Selenide 

30, 000 

Sphe  rics 
(  7  5"  diamete  r ) 

Zinc  Selenide 

30, 000 

A  sphe  rics 
(  <  3"  diamete  r  ) 

A  iuminum 

65, 400 

Beryllium  (plated) 

20, 000 

Coppe  r 

8,  000 

F used  Silica 

7,  200 

Ge  rnianium 

1,  33b 

Zinc  Selenide 

1 3b, 000 

A  split*  rics 

(  >  S' '  dian  n'lrri 

Aluminum 

3,000  I 

C  it-  rnianium 

1 
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MACH  INK  SELECTION 

The  variation  of  size  and  geometry  of  optical  components  tab¬ 
ulated  in  the  survey  call  for  two  basic  types  of  machine.  This 
is  in  keeping  with  the  IntOp  philosophy  of  job  related  equipment. 

The  flats  and  polygon  scanners  require  a  milling  type  fly  cutting 
machine.  A  single  machine  to  cover  all  sizes  is  reconn  'ded. 

The  spherical  and  aspherical  elements  require  a  diflerent  machine 
configuration.  Spherical  components  can  be  produced  with  a 
spherical  generator  similar  to  that  furnished  as  CjF’P’  under 
the  subject  contract.  This  machine  performs  its  task  as  a 
function  of  the  geometric  location  of  a  rotating  work  spindle 
and  a  rotating  fly  cutter  spindle.  The  basic  controls  include 
start-stop  switches  and  variable  speed  controls  for  spindles 
and  slide. 

The  aspherical  elements,  however,  require  a  machine  of  greater 
sophistication.  The  specification  for  such  a  machine  is  the 
subject  of  the  following  section  of  this  report. 

CONVENTIONAL  vs  PRKCISION  MACHINING  PROCESSES 

BASIC  ASSUMPTIONS 

In  comparing  the  cost  of  conventionally  processed  versus  precision 
machined  optics  the  following  factors  were  considered. 

a)  The  cost  of  the  basic  substrate  is  the  same  in  both 


b)  Suostrate  process  coating,  such  as  electroless  nickel, 
can  be  eliminated  in  most  cases  and  the  base  material 
can  be  turned  directly.  This  cost  saving  has  not  been 
added. 

c )  The  finished  optical  surface  prodi  .  ed  by  precision 
machining  often  does  not  require  overcoating  for  re¬ 
flectivity  enhancement  or  surface  protection.  This  is 
particularly  true  ol  optics  used  as  high  energy  laser 
reflectors.  Many  aluminum  reflectors  do  not  require 
optical  coatings.  These  savings  have  not  been  rellccied 


form  A- 54 1 


d)  Inspection  time,  particularly  for  aspherical  elements, 
will  be  greatly  reduced  because  whenever  the  geometry 
of  the  optical  element  permits,  precision  reference 
surfaces  defining  the  optical  axis  and  a  face  normal 

to  the  optical  axis  will  he  provided.  It  should  further 
be  noted  that  because  of  the  precise  electro  mechanical 
control  of  the  machine  functions  one  hundred  (100)  per¬ 
cent  inspection  for  surface  figure  is  not  required  in 
most  cases.  This  saving  has  not  been  added. 

e)  The  time  required  for  alignment  and  collination  of 
the  optical  elements  in  their  final  subassembly  or 
assembly  will  be  greatly  reduced  by  use  of  the 
aforementioned  reference  surfaces. 

f)  A  further  advantage  of  precision  machined  optical  surfaces  is 
that  they  can  be  incorporated  as  a  part  of  the  primary 
structure  that  would  normally  be  used  to  support  the  optics 

in  use.  A  considerable  saving  can  be  realized  in  the  require¬ 
ment  for  fewer  parts  and  also  the  characteristic  of  automatic 
collimation  by  construction. 


Because  the  above  factors  do  not  all  apply  in  all  cases  and 
because  many  of  them  are  uniquely  interrelated  to  the  system 
or  component  function  it  is  extremely  difficult  to  estimate  a 
value  for  the  savings  attainable.  Perhaps  an  increased  over¬ 
all  saving  of  ten  (10)  to  fifteen  (15)  percent  is  a  reasonable 
figure  to  assume. 

The  survey  identified  30,  000  internally  faceted  scan  mirrors. 
These  elements  were  not  included  in  the  savings  calculation 
because  it  is  assumed  that  a  special  machine  configuration  will 
be  required  for  their  manufacture. 

7.2  MACHINE  REQUIREMENTS 

7.2.1  FLAT  ELEMENTS 

The  machines  are  vertical  spindle  milling  type  machines  using 
a  rotating  tool  head  containing  one  or  more  diamond  tool  bits. 
They  are  used  to  manufacture  flat  surfaces  including  polygon 
scan  mirrors. 
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7.2.  1.1  ASSUMPTIONS 

The  following  assumptions  were  made  in  the  following  cal¬ 
culations: 

a)  The  size  of  the  flats  (not  including  polygon  scan 

mirrors)  permits  the  proces sing  of  twelve  (12)  flats 
per  load. 


b)  Each  load  will  require  0.  5  hours  of  available  machine 
time. 

c)  The  maximum  requirements  as  identified  during  the 
market  survey  effort  will  be  used  to  compute  the 
machine  requirements. 


154,  000  flats  0.  5  hours 
12  flats/load  x  load 


6,417  hours  of  available 
machine  time  required  to 
produce  flats  (min. 

requirement 


181,  000  flats  ^  0.  5  hours 

12  flats /load  load 


7,  542  hours  of  available 
machine  time  required  to 
produce  flats  (max. 

requirement 


d)  Polygon  scan  mirrors  have  an  average  of  eight  (8)  -facet 
(flats)  per  mirror,  and  will  be  stacked  to  process  eight  (8) 
polygons  per  load. 


96,  2000  polygons  x  8  flats 

_ polygon 

8  polygon s 
load 


x  1.5  hours 


144,  300hr s 
of  available 
machine  tirn e 
required  to 


load 

nroduce  the  polygoH 


e)  bince  the  Survey  included  requirements  from  1980  through 
1990,  it  is  assumed  the  requirements  will  average  over 
that  period. 

Therefore,  the  total  required  hours  of  available  machine 
time  per  year  to  produce  flats,  including  polygons,  is: 
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7,  842  t  144,  300  hours 
10  years 


SPHERICAL  ELEMENTS 


I  8,  184 


h  ours 


The  machines  are  in  the  lorm  of  a  chordal  generator  in  which 
two  spindles,  one  holding  the  work  piece  and  one  the  tool,  are 
placed  in  configuration  that  causes  a  spherical  surface  to  be 
generated  when  the  spindles  are  activated. 

1  A  SSI  MPT  IONS 

at  The  size  of  the  elements  permits  the  processing  of 
six  (6)  elements  per  load. 

b)  Each  load  will  require  0.  5  hours  of  available  machine  time. 

c)  The  maximum  requirements  identified  during  the  market 
survey  effort  will  be  used  to  compute  the  machine 
requirements. 


544, 908  spheres 
6  spheres/load 


635, 908  spheres 
6  spheres/load 


52, 99 3  hours 
10  years 


x  0.5  hours  =  45,  409  hours  of  avail¬ 
load  able  machine  time  re¬ 

quired  to  produce  sphere; 
(min.  requirements) 

x  0.  5  hours  =  52,  992  hours  of  avail¬ 
load  able  machine  time  re¬ 

quired  to  produce  spheres 
(max.  requirement) 


5,299  hours 


7.2.1 


AS  PI  I  ERICA  I  -  ELEMENTS 

The  machines  are  similar  to  the  machines  used  for  spherical  surface 
configuration  production.  They  have  the  added  function  of  numerically 
controlled  axes  motion  that  causes  a  basically  spherical  surface  to  be¬ 
come  aspherical. 
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A  SSI  MPT  IONS 


,i.  Aspheric  elements  are  processed  one  at  a  time. 

b.  The  average  element  is  less  than  five  inches  in  diameter 

2  PS.  77.’  .ispheres  x  0.7?  hours  170.079  hours  ot  available 

asphere  machine  tin  it-  re¬ 

quired  to  produce 
asphe res . 


179.  079  1  lours  -  17 90S  Hours 

10  years  year 

NUMBER  OF  MACHINES  HKtATHKD 


7.3.1 


machine  utilization 


The  following  assumptions  were  made: 

a.  All  machines  have  a  100%  work  backlog. 

b.  The  average  machine  operator  availability  is: 

40  hours  52  weeks  -  (  2  weeks  vacation  +  1  week  sick  and 
week  Year  year  personal  time 


*  2  weeks  holiday 


=  1880  hours 


c.  The  average  machine  availability  is: 

I960  operating  hours  x  0.87  -  1636  hours 

d.  The  average  machine  yearly  running  time  is: 

Overtime  hours  =  20%  in  2  5%  of  the  shops 
16  36  x  0.  2  x  .  2  5  =  82  hours 


Two  shift  operation  in  10%  of  the  shops 
16  3b  x  0 .  1  x  1.  9  17)  317  hours 
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1  b  3h  hour  s 
yea  r 


R2  hours  overtime 
ye.i  r 


I  7  hour  s  2  sh  ift 
y  ea  r 


=  20-th  hours 
year 


7. 


FLY  CL'  I  TER 

The  number  of  machines  required  for 

15, 1 89  hours/year 
20  38  hours 


production  of  flit 
=  8  machines 


surfa  ce 


7.  3.  1 


7.  5  .  4 


8.  0 
8.  1 


SPHERICAL  GENERATOR 

I'he  number  of  machines  requirer)  for  production  of  spherical 
surfaces: 


5,299  hours/year 
2035  hours 

ASPHERIC  AL  G  FINER  ATOR 


3  machines 


The  number  of  machines  required  for  production  of  aspheric 
surfaces: 


17,908  hours/year 
2035  hours 

RETURN  ON  INVESTMENT 


9  machines 


MACHINE  INVESTEMENT 

Average  projected  cost  of  flycutter  $125,000  each 

Average  projected  cost  of  spherical 

generator  $  75,  000  each 

Average  projected  cost  of  a  spherical 

generator  $250, 000  each 
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8.4  PROJECTED  TOTAL  SAVINGS  (PAHTS  PI  RCIIASER) 


Evaluating  the  amount  to  bo  saved  by  the  purchaser  using  the 
costs  tabuiaterj  in  paragraph  8.  3  can  probably  best  be  done 
on  a  discounted  cash  flow  basis.  For  simplicity  of  calculation 
assume  that  the  total  projected  savings  of  $38  3,  720,  000.  is 
a ccomplished  over  a  ten  (10)  year  period  and  that  this  sum  is 
equally  distributed  over  this  time  span.  Further  assume  an 
effective  annual  interest  factor  of  twelve  ( 1 Z )  percent.  The 
net  present  value  of  the  future  savings  in  each  category  is 
then: 

a)  Flycutter  13,274,000. 

b)  Spherical  Generator  17,968,000. 

c)  Asphe  rical  Gene  rator  185,  575,000. 


Total  Net  Present 
Value 


216, 817,  000. 


8.5  PROJECTED  ROl  (MANUFACTURER) 


It  is  not  possible  to  make  a  meaningful  estimate  of  the  Return  on 
Investment  from  the  manufacturer’s  point  of  view.  A  general 
flavor  of  the  return  can  only  be  indicated  if  it  is  assumed  that  all 
of  the  equipment  listed  in  the  preceeding  paragraphs  were  obtained 
by  one  manufacturer  and  all  of  the  work  was  performed  by  this 
same  group.  The  Return  on  Investment  would  then  be  150  percent. 

Of  even  more  significance  is  the  fact  that,  based  upon  all  of 
the  assumptions  of  this  survey,  a  total  saving  of  7,  o74,  300  man 
hours  or  377  men  per  year  will  be  saved.  Of  this  number  32  3  ot 
them  are  concerned  with  the  production  of  aspherical  surfaces. 

In  light  of  the  lack  of  available  skills  in  this  area  it  would  appear 
that  the  numerically  controlled  precision  machine  may  be  more 
than  a  cost  saving  it  may  be  the  only  practical  way  to  product' 
these  surfaces. 
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III!.!:  SI  Mien- It.'ATlOX  FOH  A  DIAMOND  Tl'HNINti  MACHINE  TO  l-'KODI  Cl. 

Si'll  K  K  I C  A  I .  AM)  A.SPHKKICAI.  SI  HFACKS  OK  RKVOLITJON  l  DIO 
i  W  Kl.VK  INCllCS  DIAM  K  l  UK. 

1  OKI  :u  A  K  I  l  his  specification  is  prepa  red  in  meet  the-  requirements  of  Task  Z  - 
Machine  Specit  icat  ions  for  Coni  fart  I  )A  A  K - 40 -7 9- C-007  3 .  The 
machine  is  specitied  to  meet  the  goals  for  shape,  figure,  and  surface 
finish  as  set  forth  in  paragraph  5.  i.Z  oi  said  contract  specifications. 

1.  SXuPK 

A  machine  configuration  similar  to  that  described  by  Batelle  in  recent 
papers  and  publications  is  called  out  in  this  specification.  The  machine 
configuration  and  definition  of  axes  is  illustrated  in  the  line  perspective 
of  drawing  lJ- 10004 -ZQ9  attached.  This  is  the  general  configuration  of 
a  chordal  generator  which  will  produce  spheres  and  toroids  with  no 
dynamic  control.  For  the  types  of  asphericai  surfaces  turned  up  in  the 
Task  1,  Survey  of  this  contract,  a  minimal  dynamic  correction  is  re¬ 
quired  to  reach  the  desired  surface  configuration. 

a.  Dynamic  range  of  the  contour  control  system  is  minimized  in  the 
generation  of  asphericai  surfaces. 

b.  Tool  feed  is  primarily  tangential  to  the  surface  being  generated, 
thereby  minimizing  requirements  for  almost  perfect  tool  geometry 

c.  Qualification  of  the  surface  by  in-process  methods,  more  closely 
matches  the  natural  machine  motions,  i.e.,  circular  arcs  which 
combine  to  give  a  spherical  reference  surface. 

Other  advantages  become  evident  as  particular  points  of  the  specifica¬ 
tion  are  set  forth. 

1.  1  SI  BASS  EM  BLIPS  OF  THE  SYSTEM 

The  machine  supplied  is  intended  to  be  a  complete,  self  sufficient, 
turnkey  system  and  shall  consist  of  the  following  major  components; 

a.  a  multi-axis  turning  machine  built  along  the  lines  of  a  chordal 
generator,  having  at  least  the  capability  for  turning  spheres  up 

to  twelve  inches  in  diameter  with  F  numbers  between  F-l  to  Flats. 

b.  Adjustments  and  measuring  means  for  centering  the  machine  axes 
and  ; or  making  precise  limited  offsets  relative  to  the  machine  j 
center  positions. 
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c.  Dynamic  controlling  means  on  specific  machine  axes  to  respond  to 
contouring  demands. 

d.  Computer  based  numerical  control  system  which  will  store  and/or 
generate  contouring  commands,  control  various  machine  functions, 
and  correlate  machine  responses  with  apriori  reference  data  to 
monitor  machine  preformance. 

e.  Pneumatic  base  isolation  system,  with  self-leveling  capability. 

f.  Machine  control  panel  with  capability  for  display,  programming, 
and  override  of  computer  controlled  machine  functions. 

C.  Precision  work-head  spindle  with  appropriate  means  for  holding 

work  pieces  accurately,  without  distortion.  Equipped  with  integral 
drive  motor,  tachometer,  and  means  for  dynamic  braking. 

h.  Precision  tool  setting  means,  means  for  verifying  machine  center 
and  alignment,  and  means  for  verifying  machine  axis  offsets. 

i.  Sources  for  storing  and  means  for  applying  lubricants  and  coolants 
to  the  tool  area  during  machining.  These  may  be  liquids  or  gases, 
or  both. 

j.  Means  for  removing  chips  from  the  work  area  during  the  cutting 
operation  in  a  manner  to  prevent  contamination  or  scratching  of 
the  work  surface. 

k.  Balancing  means  for  adjusting  spindle  balance  when  the  work  is  in 
place  on  the  work-head  spindle. 

l.  Optical  means  for  viewing  the  cutting  operation  in  close  proximity 
to  the  tool  while  work  is  in  progress. 

m.  An  air  supply  system  for  the  air  bearings,  chucks,  controls,  chip 
removal,  etcetera,  as  required  by  the  system. 

n.  Calibrated  instruments  and  gages  necessary  for  setting-up  the 
machine  and  for  setting  the  tools. 

o.  Control  system  software,  including  the  post-processor  and  executive 
control  routines  for  typical  production. 

p.  Instructions  and  maintenance  manuals  necessary  to  pet  the  machine 
in  operation,  calibrate  performance,  rnn  parts,  and  maintain  t 
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ninety  percent  up-time. 

q.  Defined  warranty  for  parts,  workmanship,  and  basic  design  in¬ 
cluding  limited  assistance  for  installation,  instruction,  and  repairs 
included  under  the  warranty, 

r.  Various  shields,  sumps,  ducts,  cables,  lights,  connectors,  bench¬ 
marks,  and  the  like  which  constitute  a  safe,  useful,  reliable 
machining  system. 

1  2  RESPONSIBILITY 

The  intent  of  this  specification  is  to  provide  a  complete  machining  system 

for  the  production  of  optical  elements  and  the  like. 

a.  It  shall  be  the  responsibility  of  the  maker  therefore  to  provide  those 
features  not  specified  but  necessary  for  a  complete  operational  system. 

b.  Certain  metrology  instruments,  work  samples,  and  personnel  familiar 
with  the  requirements  and  use  will  he  provided  bv  the  user  for 
factory  testing  prior  to  shipment  and  acceptance. 

c.  The  supplier  shall  provide  similar  assistance  during  installation  and 
test  at  the  user's  site.  Instruction  and  maintenance  manuals  will 
he  available  at  this  time. 
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STATE  AND  LOCAL  CODES 


L.S.  COVER  NMKNT  STANDARDS 

Code  of  Federal  Regulations  Title  2D,  Chapter  XVII,  Part  1 R  1 0 
Occupational  Safety  h-  Health  Administration  Standards 

NATIONAL  FIRE  PROTECTION  ASSOCIATION  (NFPA  > 


NEPA-7't  Elect rical  Standard  for  Metal  Working  Machine  Tools 
ELECTRONIC  INDUSTRY  ASSOCIATION  (EIA1 

RS-2b7  Axis  and  Motion  Nomcndature  for  Numerically  Controlled 
Machine  Tools 

RS-2S1  Construction  Standards  for  Numerical  Machine  Control 

AMERICAN  NATIONAL  STANDARDS  INSTITUTE  (ANSI! 

X  ■>.  -1  Code  for  Information  Exchange 

IPS.  ilM  Preferred  SI  Units  for  Machine  Tools 

HS.  ')  Spindle  Noses 

JOINT  INDUSTRIAL  CONFERENCE  (.HO 
EL.  I  Electronic  Standard  for  Machine  Tools 
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The  requirements  set  forth  ire  for  a  turnkey  machining  system. 

1  he  re  for  e  the  system  provided  must  be  useful  in  a  reasonable 
environment,  operated  bv  reasonably  skilled  people,  and  must 
be  o  ip.ible  of  reasonable  production  under  normal  circumstances. 
The  transition  from  parts'  drawings  to  machine  instructions 
must  be  within  the  capabilities  of  a  reasonably  skilled  parts, 
programmer  who  generates  information  which  can  be  interpreted 
by  a  competent  machine  operator  as  found  todav  in  NC  shops. 
Specification  of  the  machine,  control  system,  and  subsystem 
components  shall  not  in  any  sense  rletract  from  the  overall 
system  goals  and  requirements  as  stated. 

L  1  MACHINE  DESIGN  AND  CONSTRUCTION 

The  machine  constitutes  the  basic  subsystem  assembly,  around 
which  the  basic  components  and  controls  are  assembled.  The 
machine  configuration  called  out  has  been  called  out  as  a 
chordal  generator  similar  to  the  machine  described  bv  Battelle. 

It  is  similar,  so  far  as  axes  or  degrees  of  freedom  are  con¬ 
cerned,  to  the  spherical  generators  which  have  been  used  to 
grind  optics  for  many  years  or  to  the  machine  which  has  been 
furnished  as  customer  furnished  equipment  for  Option  I  of  the 
MICOM  contract.  In  one  sense  it  differs  from  the  aforementioned 
machines,  in  that  the  workhead  spindle  axis  is  specified  to  be 
vertical  and  to  have  sufficient  vertical  travel  to  accomodate  to 
the  variety  of  concave  and  convex  surfaces  which  are  to  be 
generated. 

i.  1.  I  MACHINE  BASE 

The  machine  base  shall  be  compact  within  the  requirements 
for  size  and  machine  motions  demanded  bv  the  class  work¬ 
pieces  described  in  1.1. a  and  within  other  useful  requirements 
for  parts  handling  and  machine  operation.  Length  and  width 
dimensions  shall  be  of  the  order  of  three  times  the  diameter 
of  the  maximum  sized  parts  to  be  handled.  Depth  of  the  base 
shall  be  of  the  order  of  one  third  the  length  and  width  dim¬ 
ensions.  The  design  shall  be  aimed  at  maximizing  structural 
rigidity,  inherent  damping  of  vibrations,  and  long  term  stability. 
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3.1.1  (con't) 

Symmetry  of  the  machine  structure  around  the  work  piece  is 
important.  A  single  piece  of  granite  is  preferred  as  a  building 
block,  although  any  better  substitute  would  be  considered  within 
the  bounds  of  cost  restraints. 

3.  1,  1.  1  VIBRATION  ISOLATION 

The  machine  base  must  be  isolated  from  earth  tremors.  It  nay 
be  supported  in  a  steel  cradle  to  accomodate  a  pneumatic  Icol  tion 
system.  The  overall  natural  frequency  of  such  a  system  shouln 
not  exceed  two  (2)  Hertz.  The  system  must  be  self  leveling 
within  the  same  bandwidth  constraints.  Connectors  and  attachments 
shall  offer  similar  isolation  from  outside  sources  including  the 
floor  vibrations.  Effectiveness  of  the  base  isolation  system 
shall  be  thoroughly  tested  as  a  separate  condition  for  system 
acceptance. 

3.  1.  1.  2  GRANITE  BASE 

The  machine  base  shall  be  made  of  a  single  piece  of  granite 
(or  other  suitable  compounded  structure)  with  provision  for 
accomodating  the  other  machine  components.  In  particular 
the  upper  surface  shall  be  finished  to  the  quality  of  a  laboratory 
grade  surface  plate  and  properly  smoothed  and  filled  to 
accomodate  air  bearing  sliding  components  on  the  surface. 

Through  holes  and  inserts  shall  be  put  in  place  before 
final  finishing.  The  overall  block  shall  be  smoothed  and 
trimmed  for  orthogonality. 

3.1.2  SLIDEWAYS 

Slideways  shall  be  designed  for  maximum  straightness  and  orth¬ 
ogonality.  Of  particular  importance  is  their  day  to  day  stability 
for  the  useful  life  of  the  machine.  All  slideways  shall  operate 
on  a  film  of  air  to  facilitate  accurate  setting  and  control,  as 
well  as  to  minimize  wear  and  contamination. 

a)  The  top  surface  of  the  granite  base  is  the  basic 
refer  ence  against  which  machine  coordinates  are 
measured.  It  must  be  lapped  and  qualified  for  a  flatness 
of  23  microinches  over  the  total  useful  surface. 
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I),  A  vertical  slidew  \y  penetrates  the  granite  slab  some¬ 
where  near  the  machine  center.  This  way  must  be  straight 
within  a  similar  2S  microinch  from  top  to  bottom  of  the 
granite  slab. 

3.  1.2.1  SPINDLE  SLIDE  (/.  axis) 

The  spindle  slide  moves  vertically,  normal  to  the  granite 
surface.  It  shall  have  a  useful  range  of  eight  inches 
travel  and  shall  maintain  orthogonality  of  the  work  spindle 
axis  to  the  granite  surface  within  three  arc  seconds  over 
the  full  travel  range.  The  work  spindle  shall  sit  on  top  of 
the  spindle  slide  with  axis  aligned  in  the  slide  direction 
within  three  arc  seconds.  Combined  weight  of  the  spindle, 
chucking  fixture,  and  workpiece  may  vary  between  one  hundred 
and  three  hundred  pounds.  The  spindle  slide  drive  and  locking 
mechanism  must  be  capable  of  positioning  and  holding  the 
spindle  height  to  within  twenty-five  microinches  of  desired 
height  with  absolute  locking  stability  within  two  microinches 
for  five  minutes.  The  spindle  slide  ways  must  be  protected 
from  contamination  bv  coolant  and  chips  by  machine  way 
bellows  seal.  Allowance  must  be  made  for  later  addition  of 
a  lasergage  to  monitor  spindle  height.  Gaging  surfaces  will 
be  provided  on  the  slide  to  indicate  height. 

3.  1.2.2  GANTRY  SLIDE  (x  and  y  axes) 

The  tool  drive  spindle  carriage,  with  related  trunnions  and 
trunnion  axis  controls,  is  carried  on  a  gantry  structure  which 
may  slide  on  air  pads  over  the  granite  surface.  This  slide 
provides  for  positioning  the  tool  drive  spindle  axis  relative 
to  the  work  spindle  axis.  Intersection  of  these  two  axes  de¬ 
termine  the  geometric  center  of  the  machine.  During  opera¬ 
tion  of  the  machine,  the  gantry  slide  is  locked  bv  removing 
air  from  th  ids  which  form  the  feet  of  the  gantry.  With 
the  machine  centered  so  that  the  trunnion  axis  lies  above 
the  tool  axis,  the  gantry  may  slide  two  inches  forward,  two 
inches  to  one  side,  and  six  inches  toward  the  back  without 
interference  between  the  work  spindle  and  the  gantry  structure. 
Reference  surfaces  shall  be  provided  along  two  edges  of  the 
granite  surface  and  on  the  spindle  axes  relative  to  one  another 
for  machine  setup.  Provision  must  be  made  for  later  ac¬ 
comodation  of  lasergage  to  this  measurement.  Accumulation 
of  error  within  the  slide  range  shall  not  throw  the  trunnion 
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dxt's  more  than  three  an  seconds  out  ot  parallel  with  the  granite 


surlare. 


1  RFXNION  AXIS 


Ihe  trunnion  axis  is  provided  to  permit  tilting  the  tool  spindle  axis 
relative  to  the  workpiece  spindle  axis,  after  the  manner  of  the 
rotary  table  on  the  (IFF.  machine.  With  the  workpiece  spindle  axis 
vertical,  as  called  for  in  this  specification,  the  trunnion  axis  is 
horizontal,  and  perpendicular  to  the  line  ol  column  travel.  Provision 
must  be  made  to  move  and  set  the  tool  spindle  axis  through  a  full 
range  of  ninety  degrees  plus  five  degrees  at  either  end  of  travel. 
Within  this  range  of  travel,  the  tool  spindle  axis  must  lie  in  a  plane 
which  contains  a  line  of  travel  of  the  column. 


3  .  I .  Z  .  4 


3.  I . Z.  5 


TRUNNION  TILT  ADJUSTOR 

Since,  in  a  spherical  generator  of  this  type,  the  spherical  center 
is  determined  by  intersection  of  the  tool  spindle  axis  and  the  work- 
piece  spindle  axis,  it  may  be  necessary  to  adjust  the  trunnion  tilt 
to  finally  locate  the  surface  relative  to  the  workpiece  body.  There¬ 
fore  a  fine  adjustment  and  readout  on  trunnion  tilt  angle  is  required. 
Location  of  this  intersection  is  referred  to  as  the  machine  center 
in  the  specification.  Where  the  gantry  may  be  set  to  one  side  to  cut 
a  toroid,  the  machine  center  is  defined  as  the  point  in  the  tool  spindle 
axis,  directly  above  the  tool  tip  point  of  contact  with  the  workpiece 
when  the  tool  is  in  Its  lowest  position.  Fine  control  of  the  trunnion 
tilt  must  permit  accurate  adjustment  of  the  machine  center  above 
the  workpiece  surface  to  one  part  in  live  thousand. 

TOOL  HOLDER  ARM 

Provision  must  ue  made  to  accurately  position  the  tool  tip  along  and 
away  from  the  tool  spindle  axis.  One  or  several  tool  holder  arms 
must  be  provided  with  necessary  sliding  surfaces  and  means  lor 
fastening  to  the  tool  spindle  face.  Each  arm  must  be  provided  with 
an  articulated  tool  holder  which  permits  pre-setting  to  tool  clear¬ 
ance  angle,  azimuth,  and  desired  portion  of  the  tool  radius.  The 
tool  holder  arm  may  be  I  shaped  lor  concave  surtaces  and  L  shaped 
for  convex  surfaces.  Since  uniform  feed  of  the  tool  across  the  sur¬ 
face  is  a  necessity,  it  may  be  necessary  to  balance  the  tool  arm 
assembly  in  order  to  minimize  the  servo  eriors  in  the  tool  feed 
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system.  l.xtreme  rigidity  in  the  tool  holder  .trrt  is  .1  necessity, 
is  is  stunilily  ot  the  Listenings  to  the  tool  spindle  lace  and  to 
the  tool  ilselt. 

LI..M>  M  A  CHINK  CKNTKK  AD.IFSTMKM  AND  STADlU'l  V 

In  the  composite  machine  structure  heretotore  described,  it  sn.ili 
be  possible  to  adjust  anti  set  the  machine  center  within  in  error 
sphere  ot  ten  mic  roinches  diameter.  The  machine  center  nay 
be  defined  by  a  gage  ball  which  is  mounted  tin  the  workpiece  spindle 
relative  to  an  electronic  probe  wiiieh  is  carried  on  the  tool  spindle. 
When  the  two  spindles  are  simultaneously  rotated  with  null  indication 
of  the  electronic  gage,  the  machine  axes  arc  deemed  to  intersect 
at  the  machine  center  which  is  also  the  center  of  the  gage  nail. 
Reference  points  and/or  surfaces  shall  be  provided  on  the  moving 
members  to  measure  and  indicate  the  relative  motions  of  the  various 
slides  and  arms  to  the  desired  spherical  error  envelope  for  machine 
offsets  within  the  specified  limits  of  machine  motions. 

The  machine  center  shall  not  deviate  from  the  gage  bail  center  more 
than  five  microinches  in  any  direction  as  a  result  of  thermal  drift, 
vibration  or  forces  usually  encountered  over  three  times  the  cutting 
pe  riod . 

3.  1.2.  7  DYNAMIC  CONTOUR  CONTROL 

The  machine  configuration  so  far  specified  may  be  used  to  produce 
a  variety  of  spherical  surfaces  which  may  be  concave  or  convex. 

Flat  surfaces  may  be  produced  by  bringing  the  tool  spindle  axis 
parallel  to  the  workpiece  spindle  axis.  For  the  production  of  as- 
pherical  surfaces,  which  may  closely  fit  the  machine's  capability  lor 
certain  spheres,  provision  must  be  made  to  dynamically  adjust 
the  workpiece  relative  to  the  tool  tip  continuously  during  the  machin¬ 
ing  operation.  When  the  tool  axis  is  displaced  laterally  in  the 
direction  of  x  axis  motion,  the  machine  will  cut  a  toroidal  surface 
which  may  fit  the  desired  aspherical  surface  much  better  than  the 
closest  fitting  sphere.  In  this  case  only  minor  dynamic  adjustments 
of  the  x  axis  will  produce  the  desired  aspherical  surface. 
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I  v '  '\  ['KOI.  t  .1  U  uKKi  M  i ;( -  i  1  S I  M  N  I  > 1  .  i .  A  X  i  S 

Inc  lolunm  sup|nirHn.  the  worl  pui  !■  spindle  may  be  <jy  nnmii  a  1 1  y 
i  i  jiit  rol  1  <•  <  i  in  tii  c  /  dire.  t  i<  >  i  ■  to  ,u  .  on  pi  i  sh  no  r  re  it  ion  of  the 
imtur.il  tool  tip  iiiotion  to  prodin  e  tiie  desired  ,i  sphe  r  i  <  ml 
so:  :, tee.  In  nost  cases  where  the  toroidal  lit  is  a c i  ompl i s lied , 
ipi.imi,  i.  o  r  re  i  I  ions  less  th  it,  *  .  <»* » 1  is  anti  c  i  pa  tod . 

LI. 2. 7..’  t't>\  1  KOI.  Cl  1  111  NNMN  AXIS  S1.1DL  BLARINC 


!  it  to  the  a  sphe  ri.  al  surtace  li.av  be  a  i  romplished  by  dynamic 
oat  rol  o!  tins  slidim.'  axis.  I  ie pi' ndi nc  on  I'  number  ol  tile 
.ailed  tor  s  u  r ;  a  ,  e  ,  slope  mat  vary  iron,  live  (  -> !  or  te  n  (l1.)  I 
•ii'iirecs  upward.  Sim  e  this  motion  has  a  la  r  ge  component 
in  the  direction  oi  the  tool  tip  as  results  t'rom  rotation  of  the 
tool  tip  as  results  iron  rotation  ot  the  tool  ixis,  this  motion 
results  in  a  raising  or  lowering  ot  the  dynamic  machine  center. 

Ll.2.7.3  CONTROL  OI  II 1  L  TOO  I .  A  R  M  I.  K. NOTH 

Corrections  may  also  be  obtained  by  dynamically  changing  the 
tool  arm  length  by  appropriate  actuator  moans. 

LI.  2.  7. 4  CONTOl  R  CONTROL  SLR  VO  SYSTEM 

Howsoever  this  dynamic  adjustment  is  accomplished,  the  actuators 
and  transducers  involved  must  be  combined  in  a  servo  system 
with  sutficient  bandwidth  and  range  to  follow  commands  from  a 
contouring  control  which  is  programmed  to  compensate  for  the 
diffe  rencebetween  the  desired  asphere  and  the  best  fitting 
natural  surface  ordin  irily  produced  by  the  machine. 

LI.  3  MACHINE  SPINDLES 

The  machine  requires  two  precision  spindles  whose  combined 
performance  accounts  for  the  ultimate  finish  and  figure  of  the 
surface  being  relatively  oriented  by  the  slides  and  trunnions 
already  described  in  3.1.2.  Since  only  the  spindle  housing  are 
carried  in  these  machine  elements,  the  effective  spindle  axes 
sutler  the  additional  errors  of  runout,  camming,  and  coning 
which  have  been  thoroughly  define  by  Bryant  at  I  LI..  The  effects 
ot  surtace  tigure  ami  finish  arc  determined  by  components  of  these 
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spindle  errors  along  the  normals  to  the  work  surface. 


1.  3.  1  WORKPIECE  Sl'lNDl.K 

l  iie  workpiece  spindle  will  operate  with  spin  axis  vertical,  its 
face  plate  shall  accomodate  work  pieces  up  to  twelve  (12)  inches 
in  diameter.  Weight  of  the  work  piece  plus  suitable  chucking 
appliances  may  be  as  much  as  two  hundred  (200)  pounds.  The: 
spindle  speed  ranee  is  to  lie  /.e  ro  (0)  to  fifteen  hundred  (1500) 

R  PM  with  the  work  piece  -  chuck  assemblage  dynamically 
b a  lane  cal . 

PI.  5.1.1  SPIN  1)1. 11  DR  IV  E 

The  spindle  drive  motor  shall  have  sufficient  torque  to  accelerate 
or  decelerate  the  work  piece  combination  to  fifteen  hundred  (1500) 
H  PM  in  one  (1)  minute  and  also  to  take  a  cut  .010  inch  feed/ 
revolution.  Part  height  plus  fixture  may  be  as  high  as  six  inches 
above  the  spindle  face  plate.  The  spindle  drive  motor  plus  a 
tachometer  shall  be  mounted  integrally  on  the  spindle  bearing. 

A  spindle  speed  tachometer  display  shall  be  provided  to  indicate 
speeds  between  zero  (0)  and  fifteen  hundred  (1500)  R  PM  at  the 
contol  panel.  Control  of  spindle  speed  may  be  manual  to  provide 
a  continuous  range  of  speeds. 

3.  1.  3.  1. 2  SPEED  CONTROL  BY  COMPUTER 

The  motor-tachometer  combination  may  also  be  used  in  a  closed 
loop  speed  control  as  part  of  the  machine  control  system. 

3.  1.  3.  1.  3.  SPINDLE  BRAKING  SYSTEM 

Braking  of  the  spindle  may  be  effected  by  dynamic  braking  or 
reversal  of  the  drive  motor.  The  braking  system  may  respond 
to  control  by  the  operator  or  interlocked  into  the  control  system 
to  respond  to  emergency  conditions  such  as  loss  of  air  pressure 
or  control  power.  In  an  emergency,  additional  braking  power 
may  be  applied  to  overload  the  motor  temporarily. 


3.  1.  3.  2  TOOL  DRIVE  SPINDLE 


The  tool  dirve  spindle  may  operate  at  anv  attitude  between  hor¬ 
izontal  and  vertical.  It  must  rotate  the  tool  holder  assembly 
at  least  one  half  revolution  at  very  slow  speeds,  generally  less 
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t'lan  one  I’PM.  This  spintllr  must  !><■  extremely  stilt  and 
stable,  in  order  to  provide  an  exact  art  ul.ir  path  tor  the  tool 
tip  during  the  cut  tint:  cycle. 

1.1.  1.  2.  1  TOOL  DR1VL  SPINDLE  FELD 

A  leer)  system  must  he  provided  to  rotate  the  toil  drive  spindle 
at  slow  precise  speeds  I  rout  one  revolution  per  hour  up  to  one 
revolution  per  live  minutes.  The  speed  must  be  smooth  and 
firm  without  |erkiness,  backlash,  or  softness  in  the  teed  mech¬ 
anism.  The  idea  is  to  have  a  uniform  feed  for  each  turn  of 
the  work  piece  spindle.  A  10  percent  irregularity  in  a  .0001" 
feed  is  just  about  tolerable.  Converted  to  angle  tor  a  five  inch 
tool  arc,  this  is  two  rnicon  radians  or  0.4  arc  seconds. 

3.1.  3.2.2  TOOL  DRIVE  ANGULAR  READOUT 

Rotation  of  the  tool  drive  spindle  is  the  independent  variable  in 
the  equations  which  described  aspherical  surfaces.  Position  of 
the  tool  tip  should  be  known  within  .  00025",  or  ten  (10)  arc 
seconds  for  a  five  (5)  inch  tool  arm.  An  angular  readout  with 
analogue  to  digital  conversion  for  entry  into  the  numerical 
control  system  is  required.  The  least  number  processed  should 
be  0?  001,  over  a  range  of  45°.  (Note  format  of  the  digital  entry.  ) 
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!  \i  i  MAIK  S'  i  1  I  .'I  AM)  (ON  idol.  G's  !  I  M 

A  1 '  •  u-'  i  m. 1 1  i  <  Supply  .  1 1  *  <  I  <  ‘*i*i  trul  '-y  stem  .  ill  ^':pplv  <  ond  i  1 1  <n<f!  m  r 
i  ■  -  t  ‘ .  i  ■  ‘  >  i  ■  t  >•  i  -  ,  i  1 1  r  1 1  r  1 1 1 ,  and  i  n i  e  r  1  oi  I-  s  lor  t  !,«•  .  i  s  p  1 1  <•  r  1 1  a  I  u  <  •  i 1 1  •  r  a >  o  r . 
1  ‘  -hill  lit.  *  -  > ; ;  1 1 .  1 1 •  nt  (  on'  r  o | .  ,  'I  i  ■■  pi  i  v  s  ,  r  e  l'  .  I  1 1  n  r  - ,  and  a i  l  u  1 1  o  r  - 


’  o  pp  i . 


i  V  a  I  e  j !  M  il'io'il  I ! .  <  - 


o  .,] 


’  ■!  r'S.ii'v  ’ii  r  opo  r  !  1 1  o'  of  iii  io 
i  on'  r  1 1  •  v  -  t  a  n  ;  >i  - 1  n t  .  •- 1 1 .  ■  r  I  . .  I  ih.ii  lnr.r  i  u  i  v  :>»•  o » •  t  up  a  ini 
op  ■  r  1 1  ed  r  oi  npl  <•'.  <■  I  \  Iron:  flic  pi  loin  i.i  f  u  supple  i  n>  I  i  on'rol  syslni 

puiels  and  ,n  Im'iiro  SiynuD  from  flic  control  system  veil) 
p  '  > ,  i  <icd  to  the  uumeric.il  control  s  v  s  t  hi  i  for  its  proper  f  urv  t  i  o :  ii  : :  . 
and  safety  features.  lias  shall  Halide  s  ignul  s  w  ■ .  i  <  1 1  >*'1 11  t  •  t  u  a  t  e 
tue  spindle  drive  system  and  /lie  tool  spindle  drive  system.  At  t  in  - 
level  of  operation  the  .ispluTic.il  venerator  may  he  used  to  turn 
spherical  surfaces,  flats,  and  toroidal  surfaces  which  are  produced 
by  an  offset  of  the  X  axis. 

3.  2.  I  AIR  PREPARATION  AND  CONDITIONING 

This  system  shall  be  the  interface  between  a  statable  shop  supply  and 
the  pneumatic  control  system.  It  shall  condition  the  shop  air  by 

filtering,  drying,  and  regulating  so  that  the  air  is  suitable  for  the 
control  system. 

1.2.  1.  1  The  air  preparation  and  conditioning  system  requires  shop  air  within 

a  range  of  80  to  110  p.  s.i.  gage  with  an  available  flow  of  10  s.  c.  f.  m. 

3.2.  1.2  FILTERING  AND  DRYINC 

The  filter  system  shall  include  a  coalescent  filter  to  remove  excess 
oil  from  the  shop  system  before  it  enters  the  filtering  and  drying 
system.  The  coalescent  filter  will  be  followed  by  a  dryer  which  will  be 
followed  by  a  regulator  and  small  particle  filter  which  removes 

particles  down  to  si/.e  of  2  microns.  Air  at  this  point  will  be 
distributed  to  the  various  controls,  bearings  and  actuators  of  the 
control  system. 

'>.  2.  I.  3  A  compensating  tank  with  check  valves  shall  be  supplied  upstream 

from  the  filtering  and  drying  systems.  It  shall  have  sufficient  capacity 

to  provide  at  least  a  minute  operation  at  the  rate  of  Id  s.  c.  f.  m.  with¬ 
out  rerlut  ing  pressure  to  the  regulators  below  the  minimum  of  70  p.  s.  i. 
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■1 .  .  1 .  i  Connections  between  the  air  preparation  system  and  the  control 

enclosure  shall  be  accomplished  by  shut-off  disconnect  fittings 
with  1  !i  ,\.  P.  T.  si/.e. 

U.l  CONTROL  S  VST  KM 

This  system  shall  perform  all  the  necessary  machine  functions 
to  be  specified  in  this  section,  and  contain  all  necessary  components 
such  as  gages,  regulators,  indicators,  logic  elements,  connectors, 
tubing  with  necessary  mounting  brackets  and  enclosures.  They 
must  be  located  in  an  easily  viewed  and  accessible  manner  for 
proper  machine  operation  and  easy  access  to  the  operator. 

J.  U  1  CON  I' KOI.  SYSTKM  Kl  NOTIONS 

(1)  Is  to  supply  constant  regulated  pressure  to  the  following  at 
*  1%  regulation. 

A.  Tool  feed  air  bearing  at  a  pressure  ol  80  p.  s.i.g. 

B.  Work  spindle  air  bearing  at  a  pressure  of  80  p.  s.i.g. 

C.  Sleeve  air  bearings  (two)  at  a  pressure  of  80  p.  s.  i.  g. 

I).  Angular  adjust  ment  sliding  bearing  at  a  pressure  of 
80  p . s . i .  g . 

K.  U  axis  pre-load  cylinder  at  a  pressure  of  SO  p.  s.  i.  g. 

F.  /  axis  pre-load  cylinder  at  a  pressure  between 

i  a nd  10  p.  s .  i .  g . 

(T)  Supply  Controlled  Regulated  Pressure  for  the  following  items. 

A.  (iantry  feet-an  on-off  control  on  the  gantry  body  with 
regulated  pressure  of  80  p.  s.i.g. 

B.  f.  Angular  loading  Mechanist!  -  an  on  -  off  control  on 
tool  teed  carriage  with  regulated  pressure  between  40 
and  el)  p.  s .  i.  g. 


C.  <  elide  Bearings  with  >  to  T>  lbs.  p.  s.i.g.  regulate 
pressure  to  tile  i  v  i  i  lid  e  r  housing  issemi>l\. 
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AXIS  LIFT  COXTIUM.  AM)  LOCK 


/  axis  actuator  is  a  vertical  lilt  colum. 

Coliinui  position  is  emit  rollerl  by  a  three  position  spring  centered 
switch,  center  inn  in  the-  locked  position.  Functions  ot  the  switcli 
are  as  lolluws; 

A.  l.iit  is  accomplished  by  applying  a  regulated  piessure 
10  to  la  p.s.i.g.  to  the  cylinder  housing.  Time  to  pre¬ 
ssurise  the  housing  shall  be  no  greater  than  t.  seconds.  At 
this  time  the  guide  iie.'i  rings  are  pressurized. 

11.  Locking  is  accomplished  tjy  dropping  the  pressure  to  trie 
guide  hearings  and  applying  a  regulated  pressure  of  5  to 
10  p.  s.  t.  j_  1  to  the  cylinder  housing. 

C.  Lowering  oi  the  column  is  accomplished  by  applying  pressure 
to  the  guide  bearings  and  dropping  pressure  in  the  cylinder 
housing  to  atmospheric.  Time  to  evacuate  the  cylinder  hous¬ 
ing  is  to  be  no  greater  titan  5  seconds. 


i.hi 


M  A  C  H1NF  I  NT  F  K  1.0  C  KS 


5.  d.  5.1 


Machine  interlocks  are  provided  to  assure  operator  safety  and  to 
prevent  damage  to  machine  components  or  parts  being  produced. 

MACH  INF.  FF  NOTIONS 


A.  Gantry  f  eed 

15.  Index  Gear  Disengage 

C.  Work  Spindle  Column 

are  all  machine  set-up  functions  and  are  to  be  interlocked  one  to 
the  other  to  prevent  accidental  motion  of  one  while  another  is  being 
ope  rated . 

MOTOR  I  NT  Ll<  LOCKS 

1)  ll  any  tunclion  related  to  machine  set-up.  gantry  teed,  index 
L'e.ir  disengage,  or  work  spindle  column  is  actuated  a  pressure 
switiii  it:  the  i  out  rol  tircuitrv  shall  interrupt  electrical  power 
m  either  m  the  J  spindle  motors  and  engage  any  motor  brakes  or 
slops  pro.,  ided. 
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)  Motor  Restart  -  When  the  interrupting  tunction  is  released, 
a  pneumatic  timer  in  the  control  circuitry  shall  engage  motor 
power  and  release  all  motor  brakes  and  stops  at  a  predetermined 
delay  time  between  0  and  it)  seconds. 

3.2.  •> .  i  A  low  air  pressure  warning  system  shall  be  incorporated  into  the 

control  circuitry  to  accomplish  an  orderly  system  shutdown 
attd  alert  the  operator  lo  the  problem  when  pressure  ahead  of  Un¬ 
compensating  lank  drops  below  a  predetermined  level.  A  secondary 
low  pressure  warning  system  shall  be  provided  to  detect  pressure 
d  rop  to  the 

a)  tool  feed  bearing 

b)  work  spindle  bearing 

c)  the  sleeve  air  bearings 

System  shutdown  may  be  a ccomplished  by  the  N.C.  system  when 
it  is  in  operation,  in  the  event  of  manual  control  the  shutdown 
signals  shall  go  directly  to  the  various  motor  relays,  brakes,  and 
pneumatic  switches. 

5.2.4  The  pneumatic  system  described  herein  shall  be  tested  at  the 
seller's  plant  to  demonstrate  compliance  with  this  specification. 

If  the  seller  requires  use  of  user  supplied  equipment,  it  shall  be 
supplied  upon  agreement  of  user. 

3.2.5  TEST  PROCEDURES 

Testing  at  the  seller's  plant  shall  be  accomplished  by  using 
appropriate  pressure  gages  to  measure  control  system  outputs 
in  lieu  of  machine. 

3. 2.  5.  1  A.  Using  The  Control  Panel  Gauges  Set 

1.  Tool  Peed  Pressure  at  70  PSI 

2.  Work  Spindle  at  70  PSI 

3.  Sleeve  Air  Bearing  at  70  PSI 

4.  Angular  Adj.  Bearing  at  45  PSI 

5.  I  axis  preload  Cylinder  at  50  PSI 

6.  Gantry  Feet  at  4  5  I  ’SI 

7.  Index  Mechanism  Disengage  at  4a  PSI 

S.  Work  Spindle  Column 

a)  Preload  Bearing  at  f.  a  I ’SI 
ijl  Guide  Bearings  at  I  l’S| 

.1  Ba  la  til  e  a  t  > .  a  |  ’S  | 

- ;  i  Fill  at  1 1 1  PSI 


.'  -1  , 
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■ .1  I >.  !•  uiii  tion  Tost 

1.  I  sine  pt'ii',  en  .u'ctir.ilc  pressure  papes  iheasure  output 
o'  control  systen  i  the  following  [joints. 

, t )  ( la  lit  r  y  I’ei  t 

l>)  Index  Mechanism  Disengage 
c  )  Guide  fie  a  ri  tig  s 
d  I  P re loa d  If ea  r iim s 

e)  Balance  Pressure  (Work  Spindle  Column,  Fin, 

Balam  e  and  Down) 

2.  With  work  spindle  column  in  the  lock  mode: 

a)  Cngage  Gantry  Feet  Function  (in  this  model 

1.  The  Lock  Disengage  Operator  and  the  Work 
Spindle  Column  Operator  should  not  function. 

2.  The  Test  Cages  Should  Read: 

a.  Chantry  Feet  45  PS1 

b.  dear  Disengage  0  PSI 

c.  Preload  Bearings  3.5  PSI 

d.  Guide  Bearing  0  PSI 

e.  Column  Pressure  3.5  PSI 

3.  With  Gantry  feet  and  lock  disengage  function  in  the  off  posi¬ 
tion: 

a)  Turn  the  Work  Spindle  Column  Operator  from  the 
lock  to  the  lift  mode.  (In  this  mode) 

1.  The  Gantry  Feet  Operator  and  the  lock  disengage 
Operator  should  not  function. 

2.  The  Gages  Should  Read: 

a.  0  PSI 

b.  0  PSI 

c.  3.5  PSI 

d.  15  PSI 

<>.  10  PSI 


b)  Turn  the  Work  Spindle  Column  Operator  Iron:  the 
lock  mode  to  the  down  mode.  (In  this  mode) 

1.  I  ht-  Gantry  Feet  Operator  and  the  Gear 
disengage  Operator  should  not  lunation. 

2.  file  Gages  should  Read: 

. i  .  0  PSI 

b.  0  PSI 

,  .  3 .  ">  PS  I 

d.  I  i  PSI 

e  .  O  PSI 
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t  SYS  I  l,.\l 


1  In-  t  out  in >1 1  f  r  is  a  dig  it. i I  "  CMC"  positioner  for  automatic 
control  ol  Id  to  -4  axes).  It  uses  .t  microprocessor  to  minimize 
'tn-  number  ui  parts,  and  at  the  same  time,  provirjc  inaxittiuti. 
ve  r  sa  t  i  1  i  t  v  .  1  tic  system  uses  a  Id  volt  CMOS  bus  ami  lupin  to  Di¬ 

vide  hiph- noise  immunity  which  is  1<)  times  better  than  I  I  I. 
ciiuui  s.  Tit  is  capability  enhances  its  use  in  industrial  etr/i  rot.  - 
ment,  p  ro\ idii  rp  high  pi-rlorir.im.e  and  reliability  at  low  cost.  1 
system  is  provided  in  either  coni i  pu  ration  lister)  below,  or  any 
i  i a  i . bi  nal  i  on : 


Internal  Memory  N  '  C  -  H  rop  ram  s  are  storecl  in  large  scab 
se  n  li  fund  net  or  memory.  The  data  are  entered  iron  the 
trout  panel  keyboarrl  allowinp  easy  editinp  and  correction 
ol  data. 

Commands  can  be;  Incremental  and  a  b  olute  positioni  np, 
velocity,  M  1  unctions,  and  offset,  in  addition  to  optional 
linear  and  circular  interpolation,  and  subroutines.  Stan¬ 
dard  memory  enables  the  storage  of  1800  characters 
(about  500  individual  commands),  with  20,000  character 
storage  as  an  option. 


IdiOM  cards  are  available  with  built  in  r>KOM  programmer, 
so  that  the  data  from  the  internal  memory  can  be  stored  into 
the  PROM  cards.  These  can  then  oe  removed  and  re-used 
whenever  tlie  job  has  to  be  repeated. 

I  he  .\C  System  shall  perform  the  following: 

1.  Simultaneous  axes  positioning. 

.  Linear  or  rotary  stages,  up  to  4  axes. 

i.  Incremental  or  absolute  format,  mixed. 

4.  Knglish  nr  metric,  switchable. 

Resolution  can  be  specified  as  .  Ob  1  ",  .  0t)o  1  ",  .  DOttitd  ', 

.01mm,  .OOlnuti  or  fraction  or  angular  units. 

o.  1  'oint  -  to  -  point  positioning,  linear  and  circular  inter¬ 
polation  tor  font  on  ri  np  . 

i  .  Home  and  o !  -  s  e  t  home  to  re  pea  t  to  a  traction  oi  .  i 
omit,  e\en  alter  nowe  r  shut-down. 

I  1  r  1 1  r  1 1  -  n  i .  1 1  j  1 1  ■  M  Inn.  Hons. 


tore i  A  "41 


J)  j  •  Wallingford.  Connecticut  i)f>492 


Division  of  Kollmorgen  Corporation 


1  '  \\  •  •  1  1  ■  <ir  f)  !'«  >L!  r.J  !  I  •  M  .1  1 1  I  *  1*1.1  vs. 

!  ’  r  m:  r. i  n  i  ■  i  ■  >  1  •  •  s  j)i  ■  •  ■. !  s  .  "  I  m  i  i : .  !  1 1  ' i 1 1< 1  1  /  n  i  i  i  . 

M  a  ",  u. 1 1  i  i  in  .i  i  , 1 1 1 ( i  !  r i  ii  i  I ■  i  \  i >i  i.i  r* :  1 1 :  i .  >  y  s  l  i r  !■■  . 

Piuil'  -in  n  .<■  n  a >  r  y  lii.il  can  prujr.ii'  ;  i  <  ■  <•  i  •  run  .  !  ron'  u.i :  i.  •  1 . 
Sitiu.n,!  number  display  in'!  sr.i  rrli  I  *»r  I  >  I  <  >  (  r  n  imb<  r. 
Subroutine  slniMji',  wiii.ii  >  in  be  in-,  i  1 1  <  •  r!  nv  one  ins'  m  :  i-  m  . 
I’ri'i:  ..ii'is  tii.il  copy  internal  men  <>  ry  .uni  i  >m  i  in-i.  be 
p I uc l',i  ci  in  at  a  later  date  to  repeat  1 1 1 1 •  pru  1  r  in.. 

Kbit  capability  i  mu  ke y boa  rd . 

Ciuniiuamls  can  In-  cutrivd  Iran  the  ■an  put  nr. 

I  si's  linear  or  rotary  I'lnudfi's,  airl  close'!  loop  1'. 
servo  system  lor  hiuhest  accuracy. 

Step  an'!  repeal  pruitraih. 

C.  K.  I  .  display  to  monitor  position  and  commands,  and 
facilitate  editing. 


F  TOOL  AXIS 

This  axis,  tile  independent  variable,  shall  control  the  other  axis. 

a)  Rotation:  _t_  135*  Maximum 

b)  Friction:  1  -  inch-ounces 

_  i  l 

cl  Inertia:  Approximately  10  x  10  Fb-Ft-Sec 

'll  Speeds:  Continuously  adjustable 

1)  Cuttinc  --  5  minutes  pet  revolution  (maxi 

500  minutes  per  revolution  (mint 

2)  Tool  Return  --  Approximately  30  seconds 

per  revolution 

3)  Accuracy  --  1  to  3% 

e )  S'peeu’  Annular  Steps:  Adjustable  Down  to  the  resolution  o!  tin 

inductosyn  or  approximately  1  arc  seconds  per  minimum  step. 


fi  F’.  C.  Motor:  Torque:  bO  inch  ounce  peak 

Ripple:  6%  M.ix 

Toique  Sensitivity:  30.5  o/.  in.  amp 

D  C  Resistance:  8.4  ohms 

Inductance:  H  mil  hy 

Static  1-  riction:  1.  5  nr.  in. 
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. '  1  p.  (  .1  t .  1 1 1  <t  i  i  1 1  •  r 

\  o  1 1  a  c  e  Sc-Iisitivity:  v  <1 1  s  /  rad  i  ■  n  so  <  oiui  s 

I'  (.  i< i •  s i s t ,i 1 1 1  ( • ;  1.'.  Sti  ohms 

In i i1  i  r l .i ih  e :  1 1 1 1 1 1  1 1 , i !  hy 

Ripple  Viill,uir:  ('.  y;,. 

Static-  Friction  2.7  o/.in. 

it )  P.  C.  Power  Amplifier 

Linear  Servo  Drive  Amp. 

Output  V ol ta pc :  it)  v  max. 

Current:  12  an  ps  max. 

o  amps  continuous 

Velocity  Control:  Quart/,  crystal  +  .1% 

Dynamic  Braking  included  in  Amplifier 

Amplifier  Controls 

1 1  Cur  rent  Limit  0  to  12  amps 
2)  Rate  Feedback  Gain  0  to  100 
D  Gain  (with  pre-amp)  10  to  1000 

4)  Gain  (without  pre-amp)  0-3 

5)  Offset  1  degree 

(normalize  to  tool  shaft) 

i)  Inductosyn 

Si  ze :  1  to  4  inches 

Poles:  3o0  to  512  (sine  c.  cosine) 

Accuracy:  5  arc  sec.  (over  360  Deg.) 

Sensitivity:  0.2  5  arc  sec. 

Carrier  Frequency:  lOKh/.  3% 

!  AXIS  (UMIAK) 

Its  position  a  function  of  F 


at  ,i  him  r  J  ravel: 
hi  I  ric  I  io  n : 
e  I  1  lie  i  t  la  : 

d)  Speeds: 


0.001  inches 
0  to  2  ineh/outiees 
1  5()  pound  n ia s s 

0.001  inches  per  s  seconds  (max) 

0.  001  inches  per  600  minutes  (mini 
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1 .  1 1 II '  1 1 

«'i  Ope  rat  ionil  1 1  i  Voltage  Amplilior 


Output  Vol t.i g c : 
Hi. i s  Adjust: 
Rand  Width 
Output  Cu  r  re  lit : 

(  lain; 

Input  Impedance: 
Regulation: 
Ripple  tv  Noise 
i)  Feedback  Components 


O-lOUUv  DC 
0 - i 000 v  DC 
100  J I /.  (l<‘  i  rib  points) 

Z0  m.i  rniS 
0 -ZOO  non-inverting 
Approx.  1Z0  kohms 
0  - 1%  lor  10%  linn  regulation 
Z0  mv  rms  max. 


Linear  Ranee: 

I  .inearity 
Sensitivity : 
Phase  Shift  : 
Carrier  1-  req.  : 
Input  Voltage: 


t_  .00  5  inchs 
0.  Z5% 

Z.7  mv  out/volt  in/.  001  inch 
approx.  *70  deg. 

Z  500  IiZ 

3  v  rms  nominal 


g)  Feedback  Amplifier 

0  to  j_  v  DC 
Z0  ma  max. 

Z  50  HZ  (-3  db  internal 
filte  r) 

15  mv  max. 

0.05%  (full  scale,  after 
30  minutes) 

0 . 0  5%  max. 

Z  ohms  max. 

500  mv  rms  in  for  10 v 
DC  out 

7  5  mv  rms  in  for  lOv  DC 
out 

100  K  ohms 
j_  0.  1%  for  _t_  10%  line 
voltage 

NOTH:  The  linear  feedback  information  catt  be  obtained  from 
the  DTK  4->0  in  RCD  ur  Analog  format  or  processed 
fiirectly  from  tlie  J.VD'J  via  a  buffer  amplifier  (Z.5  KHz) 
as  requested. 


>  _  >  ) 


Analog.  DC  Output  Signal  : 
Output  Current: 

Freq.  Response: 

Ripple  tv  Noise: 

Stability: 

Hysteresis: 

Output  Impedance: 

Cain: 

to 

Input  Impedance: 
Regulation: 


form  A  54 1 


Wallingford,  Connecticut  06492 


Division  of  Kollniorgen  Corporation 

s .  i .  ;  /  a  xis 

(ROTA  KYI 

This  speed  a  1  unction  ot  K 

a) 

Rotation: 

Continuous  one  direction 

bt 

I'  ri  cti  on  and/or  I  orquc: 

1  -  10  inch/ounce. s 

c) 

I  no r l  ia : 

Variable  10  x  10“  ^  to  0.  4 

Lb -Ft- Sec1' 

d) 

Speed: 

Continuously  adjustable  iron 

2  0  RPM  to  17  00  RPM 

e) 

Accuracy: 

1  to  5% 

f) 

DC  Motor 

Torque: 

143  Oz-In  Continuous 

Speed: 

1775  RPM 

Power  Out: 

1/4  HP 

Current: 

6.  0  Amps 

Voltage: 

45  V  DC 

Resistance: 

0.8  Ohms  (  (u  2 5  ° C ) 

Torque  Constant: 

29  Oz  -  In  /  Amp 

F  riction: 

12  Oz-In  Max 

g) 

DC  Tachometer 

Output: 

10.  5  Volts  /KRPM 

Ripple: 

3% 

Output  Impedance: 

1 . 0  Oh  m  s 

h) 

DC  Power  Amplifier 

Linear  Servo  Drive  Amp 

Output  Voltage: 

60  Volts  Max 

Current: 

15  Amps  Max 

8  Amps  Continuous 

Dynamic  Braking  Circuits 

Include  d 

Velocity  Control: 

Quartz  Crystal  +  0.  1% 

Amplifier  Controls: 

1  )  Current  Limit 

0-15  Amps 

2)  Rate  Feedback  Gain 

0  to  100 

3)  Oain(w /pre-amp) 

10  to  1000 

4)  Oain(w/out  pre-amp)  0  to  6 

5  )  Off s et  Adj ust 

+  100  RPM 

i) 

RPM  Display 

Digita  1 

Accuracy 

+  10"' 

Range 

0  -  1800  RPM 

.>  -.M 
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Ol’KHA  RING  MOD ES: 

1.  M.nni.il  Data  Input.  (M.  ■!>.  I,  )  -  The  operator  can  enter  data  Iron, 
the  keyboard  in  all  modes.  Data  is  entered  and  executed  one 
block  at  a  time.  It  allows  lor  such  immediate  operations  as 
setting  offsets,  velocity,  or  moving  the  tables  to  specific- 
positions.  The  commands  are  not  entered  into  the  N.  C.  memory. 

2.  .1  OG-O  N/  JO(  1-  OFF  -  When  the  jog-on  key  is  depressed,  it  allows 
the  jog  button  to  actuate  the  drive.  In  the  job  mode,  the  CH  1 
display  displays  (JOG).  When  the  jog-olf  switch  is  actuated 

the  display  of  JOG  is  removed  and  the  jog  buttons  are  inhibited 
from  actuating  the  drive. 


3 .  3  ■  2 .  3  3 .  i-.dit  ON/OFF  -  The  system  contains  an  edit  switch,  which  can  be 

actuated,  to  allow  editing.  The  CRT  display  will  then  change 
from  the  display  of  position  to  the  display  of  commands  stored 
in  memory.  To  go  back  from  edit  mode  to  operate  mode,  the 
edit  button  must  be  depressed  again. 

3.  3.  2.  4  4.  Automatic  Operation  from  Memory  -  When  AUTO  button  is  pushed, 

the  system  operates  from  the  built-in  memory. 

3.  3.2.  5  5.  Automatic  Operation  for  Prom  Card 

3.  3. 2. 6  6.  Automatic  Operation  for  Computer 

3.  3.3  NUMERICAL  ENTRY  -  Data  can  be  entered  in  a  similar  manner 

to  that  of  calculator. 

The  entry  of  4 2 .  500  is  the  same  as  2.  5. 

The  entry  of  -13.00  is  the  same  as  -13. 

The  entry  of  01  is  the  same  as  1. 

3.3,4  KEYBOARD  OPERATION  -  The  following  is  a  list  of  keys  in  the 

standard  Anoniatic  keyboard  with  associated  functions: 


3 .  3.4. 


MANUAL  DATA  INPUT  KEYS  - 


Indicates  feedrate  faxis  speed) 

Used  for  (,  functions  -  See  section  4.2 

I  sed  lor  contour  cornu  unds  -  Uetermines  the  position  <u 
center  ol  rotation. 

Also  used  lor  Jump  Cornu  mds  IXJ0  -  Jump  to  ,\ 2 J 
I  Sed  lor  subroutine  i  alls 

Example:  ).N3fl|0.  Ibis  calls  the  routines  that  start  at  sequela 
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and  continues  execution  <  ode  until  Mb  is  e  xe  c  nting . 

M  -  I  ’sen  lor  M  functions  -  See  software  Description  Manual. 

,\  -  .  Dso  used  for  sn|uence  numbering. 

R  -  The  Repeat  Function. 

\.  V,  /  -  I'sed  when  commanding  any  of  3  axes  in  the  machine. 

V  -  Indicates  Variable. 

VI  to  \ 127 

Indicates  I  QI  Al.S'  used  in  equation  notation. 

id xan; pie  -VI  X 

Divide 

Indicates  quotation  marks.  I'sed  when  characters,  symbols  or 
numbers  must  he  transmitted  on  the  RS2  52  eonneetion.  Any 
ehara.ters,  symbols  or  numbers  transmitted  between  quotation 
marks  are  not  operated  upon  used  for  headings,  data  clarity,  etc. 
Multiply 
0  t  i  i  -  Numbers 

Indicates  decimal  point 

SPCD  -  Indicates  space  (Blank  Character)  used  typically  for  data 
transmission  clarity. 

Sun  (or  positive  number) 

Pi’ierence  (or  negative  number) 

CD  -  Clear  ldntry  (Clear  last  digit  entered) 

i.  i,  n  DNT'DXD 

When  depressed,  the  system  executes  the  MDI,  (Manual  Data  Input). 
When  in  the  Ddit  Mode,  it  causes  a  carriage  return  to  be  stored  in 
the  memory.  The  carriage  return  causes  the  execute  lunction  to 
occur  when  the  stored  code  is  decoded  by  the  CPD  (Central 
Processing  I  nit). 

3.  3.  5.1  CDR  BEK  -  Clears  the  total  entry  (In  MIT  Mode)  or  clears  block 

where  the  cursor  appears  (In  DDit). 

3.3.0  EDIT  MODI-;  KEYS 

3.  3.6.1  EDIT/EXIT  -  Depressing  this  key  while  the  CRT  displays 

the  axes  information,  place's  the  CDl  system  in  the  'EDIT1  Mode. 
Depressing  this  key  while  in  the  Edit  Mode  returns  the  system  to 
the  normal  axes  Mode..  I’he  Edit  Mode  is  used  lor: 

D  Changing  NC  Co  In  tti.it  is  in  RAM 

2.  I’rogr.tn  n  ing  EPROMS 

3.  .Searching  for  blocks  ul  I  lode  tiiil  have  sequence  nun  tier 

4.  \\  ritinj  new  N<  Code  tliit  will  go  into  EPROMS 
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prog  1  ’ROM 

This  is  depressed  when  new  NO  Code  is  to  be  stored  in  E  PROMS. 
This  new  NC  Code  must  be  in  RAM.  The  CRT  Display  will  dis¬ 
play  '  ARE  YOU  SI  K  Id  ?  (Y/Nl  after  the  PROG  PROM  key  is 
depressed.  If  the  user  wants  to  program  the  PROM  (S),  the  1  V' 
key  should  be  depressed.  II  it  was  an  error,  then  '  N"  should  be 
depressed.  When  the  programmer  is  finished,  the  CRT  will  disp 
the  number  ol  Bytes  programmed. 


> .  3.6.3 


R  DAD  PROM 


When  depressed,  the  system  reads  all  of  the  NC  Code  in  the 
KPROM  and  stores  it  in  RAM.  This  is  used  for  editing  NC  Code. 


3 .  3 .0.4 


SR  Cl  1 


When  depressed,  the  system  displays  the  word  'SEARCH'  on  the 
bottom  line  of  the  CRT.  The  user  then  enters  the  sequence  number 
of  the  line  he  wishes  to  find  in  RAM.  Then  the  'ENT/EXT'  button 
is  depressed.  The  display  will  be  switched  such  that  the  requested 
sequence  number  is  at  the  middle  line  of  the  CRT  under  the  reversed 
field  cursor.  If  the  sequence  number  does  not  exist,  the  bottomline 
of  the  CRT  displays  'NOT  FOUND1 


3.3.6. 


CLR  MEM 


When  depressed,  the  entire  edit  RAM  of  the  system  is  cleared.  This 
is  used,  typically,  after  making  new  PROMS  and  wishing  to  test  the 
operation  from  PROM. 


3 .  3.7 


.IOG  KEYS 


3.  3.7.1 


JOG  OFF 


Eliminate  JOG  Mode  -  Iti  addition  this  deactivates  the  following  keys: 
'HOME'  'RESET'  '  t  Y',  '  -  X',  'FAST',  '  t  X' ,  '  -Y\  GC, 
'CAEII',  'K  ETN  JOG'.  NOT  El.'.'  WHEN  SYSTEM  IS  FIRST  POWER 
ED,  THE  SYSTEM  DOES  NOT  HAVE  JOG  MODE  ON.  THEREFORE. 

I  I  IS  NECESSARY  TO  DEPRESS  '  IOG'  BEFORE  SYSTEM  CAN  BE 
( ;  (  >M  M  A  N  D  E  P  TO  M  A  (Jill  N  E  HOME. 

JOG  ON 

Enables  |og  keys  described  abo\ e 
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I  u  )M  !■; 


Wln'ii  dep re s si'll ,  all  axes  art1  commanded  to  machine  llOMF.  All 
axes  status  are  shown  as  '1IUMK1  until  the  system  is  HOM  11  when 
'READY'  appears  under  the  status  Heading. 


3.  D  7.  1 


i<  i-;s  i :  r 


When  depressed,  sets  i  iirrent  axis  positions  to  zero.  Also 
when  depressed  commands  speeilied  axis  to  ,10(1. 


FAS'  1 


When  depressed,  lie  leases  lOO  speed. 


1  .  •)  .  1.0 


CA  1,1  H 


Fsed  when  an  axis  or  axes  has  been  10(1(1111-'.  When  depressed, 
changes  the  displayed  value  o:  the  X,  Y,  and  /  position  to  the 
positional  number  that  the  three  axes  were  displaying  prior  to 
depressing  any  ol  the  lull  buttons. 


1.  3.7.7 


R  FT  IX  ,10(1 


l  sed  when  an  axis  or  axes  has  been  JOCXIKD.  W'hen  depressed, 
moves  any  axis  or  all  axi  s  that  have  been  .1 0(1(1  FL)  back  to  their 
original  position  -  the  position  of  each  axis  was  at  prior  to  ,J  0(1(1  ED 

AUTOMATIC  EXECUT ION  KEYS 


1 .  3.  ,s.  I 


AUTO 


When  depressed,  commands  the  system  to  execute  all  incoming 
commands  either  from  PROM  or  from  memory.  CRT  Display 
shows  'Auto1  on  status  line. 


■1 .  3 .  K .  >. 


ST  FP 


When  depressed,  commands  the  system  to  finish  current  command. 
Ill  not  complete,  CR  T  Display  shows  'STEP'  on  status  line.  In 
order  to  continue  executing  \(1  Code  internally  stored,  the  operator 
n  est  depress  ’CONI  1  ) . 
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t  i 

!  s  it  i  I  o  i  iii ; .  round  tin-  <  i  'I  l  >  >  i  \i  • .  1 1 1  •  tin-  oe  s  I  i  nt  c  r  i  .,1  I  <  i  m  1 1  in'!  a.  i '  ■ 
sv^lrtn  in  s  1 1  ■  1 1  nil'll',  mii‘  h  I  <  ■ .  r  .it  .1  t  i  1  > : » •  will  I  >  <  ■  1  •  x  1  •  1  u  t  e  1 . 

1 .  i.  S.  a  l;  \\  M  ' 

\l  Ill'll  [ir:il'i  .  .t  u  .1 1  ■  s  I  ‘  1 1  i  ,  I  c <  tm  1 1  iu  ltd  I )1  t  n  k  to  or  ltSiir 

In-  j  1  nni  111;  •  >:  N  ( ’  1  ’  1%  t  >M  .  Il.m  .s  systcn  i  n  s t  ep  i\K )  I ) I . . 

K  ST  I’  i 

When  I'lfprmsi"!,  .tlmrls  c  urrent  1  un  iii.iinl  .m<l  1  .nisrs  tile  next 
non  m  .a  tin  tiler  f  to  i)e  at  the  UeLtinninp  ol  NC  PROM.  Places 
system  in  s  t  e  t>  \!  m . .  . 

•’>.  S.  n  M  !-.M  Ol  1 

When  depressed,  while  the  system  is  in  the  axes  mode,  the  CPI. 
transmits  the  entire  contents  of  the  111)11'  Mode  onto  the  RS2  12  port. 

i .  1.9  .10(1  POSH  ION  1XC 

Path  axis  is  independently  controlled  by  jot;  switches.  All  axes  can 
be  touted  simultaneously  or  independently.  If  one  of  the  axis  direction 
is  depressed,  the  table  moves  by  one  step  initially,  then  moves  at  a 
constant  slow  speed.  If  the  fast  key  is  also  pushed  simultaneous  1  \  , 
then  the  axis  will  move  at  hiyh  speed.  To  move  any  axis  one  step  at 
a  time,  depress  the  toy  key  momentarily,  (and  releasing  the  button 
quickly).  At  the  end  of  joppitm,  the  operator  may  exit  by  pushing 
calibrate,  return  I  rum  |ou,  or  simply  enter  a  new  command. 

1.  1.9.1  CAl.IBRATK 

Ibis  switch  can  be  used  after  jopuiru:.  When  depressed,  the  axes 
rio  not  move,  hut  the  displays  are  set  to  the-  previous  command. 
Kxample :  If  the  position  of  the  axis  was  o.OOO  and  the  operator 
locts  the  axis  by  ..141  ,  then  the  axis  moves  to  0.241.  Now,  it 
the  calibrate  Dutton  is  depressed,  then  the  display  yoes  to  o.  000 
without  movitiL.’  the  axis  ;  in  this  mantlet  ,  an  offset  is  achieved 
whiilt  is  equal  to  the  amount  o!  m>l;.  Reset  uses  the  same  ottset. 
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.1  ISt  :  .  I  .  1  .  A  A  I  .  <  1 1 


\K  l :  I  ’ rug  ra m  Stop 

M. idlin'  stops  after  >  oiuili't  inn  nl  .ill  i  in  1 1 1 1  .a  nd  s  in  tin-  dock.  liie 
system  "I'tunis  to  step  mode.  1‘roj  rail  ..in  then  t»e  startl'd  by  push  - 
ina  <  •  i  1 1 1  ( ■  r . 

A.  Continue  I  Jut :  mi:  S\  sti'to  remains  in  stop  mode  acting 

I  Mi  1)1)0  1  >  1  o  i_  k  at  a  t  it!  a.' . 

B.  Auto:  Nys'oii.  .niton  atu  ally  poitnrti  a  stops  ia 

sequence,  in  accordance  with  data  pro¬ 


fid:  Knd  ot  Prog  ram 

A  function  indicates  completion  of  prog  ram.  The  program  is  then 
rostarted,  (as  with  RSTR'l  koyl,  execution  of  program  continues. 

It  Md  does  not  exist  at  end  of  program,  operator  must  push  restart 
to  start  the  program  again. 


..4.1.  J 


Mo:  Knd  of  Subroutine 


J.4.I.4  MiO:  Clear  Memory  and  wait  lor  Input 


5.4.1.  o 


M98:  Programmable  Reset 


Resets  current  position  to  oro.  (Does  not  show  offset  on  display, 
will  show  it  only  when  you  push  home).  To  clear  it  after  lion  e: 
Reset  again.  To  clear  offset  M99  ent/exec  M 98  ent/cxec. 


C  4.  1.  f» 


M99:  Home  on  all  Axes 


(If  one  axis  is  to  be  home:M99yH  If  two  axes  to  be  homed  M99  X  M99Y. 
This  sends  machine  home,  independent  ol  olfset.  If  one  wants  to  go  to 
oil  set  Home  M99  XO  YO  ZO  CO. 


i.4.1.7 


Mint)  to  M199:  Ou  put  Function 


These  are  output  functions.  Karli  even  turns  the  function  on,  while 
tin  odd  «  turns  it  off.  Kxample:  the  same  lunction  is  actuated  by  100-101, 
( 1 1 1 0  turns  it  on,  101  turns  it  off). 


1,4,  I .  h 


\ldM(i  to  Md.d.  J :  Inuut  1  unction 


are  input  lie.  'ions,  s  u  i  i  1  as  switches  or  1 
s  wi  i  i .  !  i  arc  1 1  e  i  ked  t  li  rough  1 1  ie  p  rug  r  a  n  1 . 


111.  input  I  ron  i  e  xl  e  r  na  1 


form  A-541 
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.  l  i  1 1 1 1 <  i 1 1  s  \  <  •  1  ( >  <  i !  \  \  I ' 


i  r  .  • ,!  ■  •  in  1 1  1 1  i  . 


i  ;  I .  l  r  I  1 1 1  l  ■  !'  pi  >  1  1 t  i  i  n I  C  1  o  C  k  W  i  s  i  ■  ' 


(  i  r  >  til  i  r  interpolation  oppos i  1  -1  i  re  c,  l .  ■: .  n: 
■  I  •  I  Hwisi'l 


I  hr  dwell  i  on 1 1 1  .iii'l  pern  its  procr.ui  ii.itui  oi  a  time  delay,  to 
prevent  advance  to  next  Plocl-  until  the  prer, mimed  time  has 
elapsed.  1  he  dwelling  time  *.  a  n  be  pruuran  med  iron  .001 
seconds  to  t»4  sn  onus,  arc  urate  to  i  msecs.  The  delay  lias 
to  be  preceded  by  ( X » .  1  or  example,  (i4  X  9.1  (secoieist. 

Delay  occurs  alter  table  motion  and  M  I-  uin  tions  in  that  block 


4 . 4  .  d  .  u 


Continuous  Velocity 


1.4. 1.7 


Used  for  output  of  messages  and  data 


Output  characters  on  the  RSZ  4/  port,  computer  interlace,  or 
IEEE  interface.  Either  axis  data,  variable  v.Juos,  alpha 
characters,  or  any  combination.  Tile  tiiti  must  appear  at  tiie 
betiinninn  of  the  block.  Any  data  or  variables  are  stated  as  d< 
lined.  Any  messages  to  be  included  are  to  be  enclosed  in  quo 
tation  marks.  For  example,  "X"  would  transmit  X.  Howevet 
X  without  parenthesis  would  transmit  the-  value  of  X. 

EX.  ( i  b  H  "  X "  X  "V  V  "/."/.  "VI  "VI 

It  the  above  command  was  executed,  the  tollowitu;  would  be 
printed.  XOO.OOOOYOO.  OOOO/OO.  OO  VI  OO.UHlO 


4.4./..  x 


This  sets  the  dimensional  value  o!  each  count  ot  tin-  axis  tiia* 
is  displayed.  1  o  moctily  the  axis,  the  user  would  type: 

X  .001  Y  .0111  .00/.  1  his  example  would  make  each  X 

c  ount  0.  I  01.  and  each  Y  and  c  ount  0.00.1. 


form  A-541 


i  mi.:: 


1  ’ : .  i  •  ■  .  • 1  ; '  .  :><  r :  i  ! '  s  1 1 .s  i •  r  to  ha.”  a  I  a  j : r la  r . )  ;  u  :  j  •  '  j  1 1 

of  i  s  '  a  -  ■  . a  T'  i  :  s  1 ! )  '■  t ■ . t  1  a .  i  i  .u  .  . ; :  . i !  I : i .•  an”  o !  ever,  ”  x <  : 

>l.u  ,  . 

•  •  7  X  ">  \\  >  1 1 1  ■  i  is  si  a  -  :  ■  1 1 1 1  s  i  ■  i  ■  1 1  a  1  ;  i  a  1  s  <  ■  at  XI 1 00  :  •  >  r 

•  a  i  a  ■  >1 .  .  ;  . 

i  a  .  <  -  U  mild  ■  a  isi  a  ; ■  1 1- 1 1 1 1 1 1  t  i i •  ‘ .  I . .  '■  ;•>  railed  for 

e  Vo  f\  Ut  cm!  >lo  r  .  i.lMicr  standard  n;je  ra  *.  in:  •  is 

I  I  > ! ,  r  1 1 1”!  :>\  St,:'  :  t  !  a  alone.  lac  1  is  •  •  r  i  s  ucri:  I !  1 t  ■  : 

to  base  1- it  her,  at  a  ay  lit  I.  «»<  I*  not  Iint’i  s  i  t  >  .  ■  1 1 1  ,a! :  (■()'.  1  S  I  V  . 

Cl.  .  ’  .  1 1  s ;  <  '  o  1 1  n  ,  i  a  • :  S .  .  1 1 1 1 1  a 

I  tic  1  ,i>H  con  n  ,i  ml  ,,  I  1 1  c.vs  tin-  >  t  <>:  a  on  i  ant!  to  a  a 

axis  to  be  sli  r  a  nkc  r. ,  n  a  n  n  t :  i<  b ,  nr  i 1  .  ••  n  cd  :  icpcnditu  on 

wit  c  t  ii  c  r  the  coti-ii  at.  :  is  less  t  into  otn  ,  _  tea  t  o  r  than  one  , 

or  tie  aa  r  i  ve  .  When  use-)  with  ■  i  r  ular  i  n  t  e  r :  ml  <i  t  i  on,  noth 

axes  ot  the  i  in  le  should  s,  a  led  tin-  Sit  e  .  I  of  own  !>!< 

'ins  X .  i  s  ales  to 

‘i  .  I  i .  1  •  t  ■  (  'or  ■  n  ,e  nt  s 

\  I  lows  the  user  to  enter  om:1!  i  •  1 :  t  S  1  •  ills  ' ,  (  |irdL'  hit!  .  It 
systeit  ignores  a  ny  '  a  1  Ml:  1  a  C  .»>'<  him  k  up  in  and  l  tic  I  ndt  Mil  . 
'he  ,  jrri.iite  return. 

a  .  ‘  .  i  _•  '  t  1 :  Co  .vet-*  I  ’  1  sp  lav  to  ;  ..’  I  1  s !  1  lilts  |  ill.  he  s  1 

(  olivet's  disttla'.  and  l  n  t  e  rp  r  e  f  a  '  ion  ot  on  tt  anus  to  ;  u i  I  i  is 

an  i  i  : ,  i  !  n  ■  s  I  a'linnoi'r  (  i  i" ' '  l i  •  x  e  i  1 1'  i  .  I . 


o 
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SI  .A.H 

I.MS.  s 

. !  \1 

!>!,!; 

IS'  >  . 

1"  MAX!  VII  M 

- 

1  In-  ■ 

**  -<|  Hi’  I  H  ‘ 

iiu: 

i  i  i«  r 

is  pi-.  . 

f 'i<* 'I  wit  ii  thf  J 

i-t  !<■  r  aim 

ITSS  '  .  . 

It  is 

'  i  s  <  •  i  .  i  s 

«  re 

If  IT  !  I 

cc,  i  t\  < 

•  f.t  i :  yi  no  posit  i  < 

111  .1  lid  /'  O  f 

(ij)i'  r n l i c > n 

tut-  S 

ul>  m ) at  i  in 

f 1 <  • 

*  i  1 1  i  t  i  ■ 

•  1 1  .tii'i 

1 1 1  n  . } )  s  . 

1  In-  ■ 

lie  iu  r 

1 1  tit  i  Si  ■  r 

•  lllo-A  S 

;  ii*  ■  (#pc  r.tlor  1 1. 1 

f  Sf.U'i  il  ! 

or  that  :j|( 

,  i  n  ( 1  t 

ill'll  St.l  ft 

tin 

■  pro.' 

■  r . i ? i  •  it 

ttir  point . 

A  XIS 

SIM-iKI) 

ii  i 

!  (H  I 

■  i  Mi  A  i 

s.  1  ()()0  MAXIMI  \1 

Till'  : 

sprerl  (>1 

tin- 

A  xe  s 

ran  ijf 

controlled  by  i 

Mitering  I' 

’ ,  foil  owe 

till-  spOC'l. 


w  i  t  i 
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:  i  u  i\  -  :  .i  •  i  ksi 


in'!  o  i  lit  r  o  1  s  s 1 1. 1  I 


1  •  ■  S  I  I  • '  I  •  l  1  till'  lti.lt 


i  jet  ’  .i  ii  i  s  t  r.i  1 .  ■ ,  witil  rt  isonuble  isSHImiht,  lll.it.  t !  i  i  s  s  p<  ■  i  i  1  i  c  a  1 1  ■  j  I : 

•its  in-en  i,  (  hi  .  f  j  1  i(  ■'!  with.  lh"  u- ■  r  ,u  ■  s  ■  •  r\  ■  -  s  tin-  right  t.o  wjt  ne 
Itn-se  tesi.-j.  ll  tiif  seller  r  i  ■<; '  i-  i  >  use  o'  1 1 •  f  e<  |  uipti  .<•  nt ,  it  sii.ill 
in-  ope  ruled  in  user  pe  rsiiiinc  I .  I  •  •sting,  equipment,  .imi  tiro,  edu  r< 
ribed  in  tin  mllowing  represent  tin-  n  ,<-l  nod  s  pr«-!<-  free  v.  !  in¬ 
is  ■  ■  f .  A  1 1  <•  r  iii  1 1  <■  ii-v  it  r,  >r<  vt  1 1  r  i  • ■  i  s  ■ : ,  i  i  I  v  a  g  :•••■•'!  upon  b\  '  :n  t  s  ■  •  r 
in--!  -i-lli-r,  which  ii.  tin-  opinion  -it  in  user  a  re  'I'-niM-t!  er  i  ui -.  a  1  •  - : , 
:-..i\  in-  subs;  it  uted  p  rovided  w  rit  t<-p  .i  ->prov;i  j  is  obtained  true  m 
- 1  s  ■  •  r  ti  ri  i  r  to  a  wa  t  d  o:  tin-  part  order.  Final  tests  ,»s  d'-s  .  ••  j  ■>• 

in-low  will  in  pe  florii.i-'l  o'  tin-  user's  itts  t  .t  1  (at  i  om  .on:  n  ,i\  be  ~  in-  r 
vised  or  obse  I'VI>(!  t)y  til'-  Seller's  represent. ttive.  Sue  feSst'll 
eon  pletion  ot  lin-se  tests,  and  inspection  to  verily  that  all  -ui er 
recpi  i  r  e  n  a- nt  s  o!  this  specification  have  been  met,  will  in-  tin-  oasis 
tor  tinal  acceptance.  N/C  .  ontroi  protirarus  necessary  to  per.’O'-n 
predelivery  at  the  seller's  plant  will  lye  furnished  to  the  seller  oy  w 
user.  These  programs  will  be  requested  by  the  seller  at  least  .1 
weeks  prior  to  tin-  actual  date  ot  testing.  1  he  total  numerical  con.) 
machine  tool  system,  I  unr tionine  in  til  modes,  shall  be  available 
tor  ve  r  it  it  at  ion  ot  the  use  r .  Prom  s  will  be  prepared  at.  least  1  wee 
prior  to  the  start  of  the  actual  testing  at  the  seller's  plant.  1  he 
program  verification  shall  be  periormed  by  the  seller's  personnel . 

1  ser  personnel  may  witness  the  test  runs. 

TKST  OF  MACH  INK  ASS  KM  Bl  .V,  COM  HONK  NTS,  AM)  TRANS;  :  C 


M  A  CHINK  BASK 

The  machine  base  shall  be  inspecte  1  tor  mechanical  inte-j  ritv,  .  ot.- 
lorniance  to  drawings,  prote«  liot.  ■  >;  tin-  exposed  surla,  <•»,  an:  tin 
general  mounting  on  the  floor  uni  leveling.  Situ  Dion  ot  tin-  ma.  him- 
with  adequate-  working  room  and  tin-  net  e.s  sa  rv  envi  ron.ment  a  1  .  on  - 
ditions  such  as  temperature,  humidity,  absence  ot  drafts,  arc! 
general  cleanliness  shall  in-  obse  rved.  I  fleet  rical  powe  r  anti  tin-  air 
supplv  shall  be  checked  ilong  with  scrviies  lor  tin-  testing  inst  r  i’i  e  nt : 


for  m  A  S4  1 


V  I  BRAT  ION  ISO  I  .AT  ION 


i  o  i ,  1 1  i  the  p  i  n-.>iu  i .  a  1 1 1  t  ibr.it  i- ,;i  i  s  1 1 1  a  '  • 1  1 . 

s;n-.  1 1  i .  Ui.-ins  for  lowest  •  u  ‘  -  <  i  • '  t  re  1 1 "  ■  >  \ 

ule.  'I  his  ii  a  v  be  i  re- ui  ;>'  i  h  ■  -d  o\  i:>:d\ 


•  ri.i-r  !>!  Mi 


'ion  -  a  i  :  -  l  M  u  i  n  i  i 


Wallingford.  Connecticut  I)b4't'<> 


J  U  L  U  i  [  '  - '  /!  (  J  )  * 

-  ^  r  <]  - 

[•ivision  of  K'tilmnr^pn  (  tirpnrutior: 


'  I .  ■.  '  i  .  I  i  j] .  \  ->(<'!: 


si’  'i.i!!  'a-  i  i  . :  i  <  t  <  ■  ■  tor  i  r  1 1  <  :  rity  an  i  Muisn 

g  i  i  n  s  t  !  i  1 1 1  ■'  I  i  i  i ; .  i  >  t .  o  ;  I  m  c  n  I  >  ,  I  w  •  ■  ,  • i ;  I 

• : i •  •  pneun  a!n  .n  l  ■  i.i  l  •  i  r  s  si,  ill  j>c  n  !>s  <  •  r  v<-  < 

in-  '  ■  1 1 !  . 1 1 1 -  i  s  i  i- 1  s  a  .  A  .  tiv.  s  i.i  r  I  <i ,  i -  ■  i :  ■  1 1  ■  g  r . 


‘  a  J  1 1  '  -'ll  1*1  i'  lie,".},  ,  I'll  I  *  j  r  !  a  In.  t  g  e  .  ill-'  S  1 1  f  I  a  k  ( ‘  S  1 1  a  !  1  I  >»  I  l 1  S  ’  1 

’<>r  i  I.i  l  !.*•  >s  ,  an:  ,  ajsc  r-.  i-ii  iii  or  at  least  l.ibo  ruto  ry  grace, 

sin-  i:  i'-'i  n  : :  i  <  s  top!  if  r.  Kl  ;e.  live  ilatncss  o!  tin-  granin  '  a  ol 

vS  iii  Da  test  L  i :  sr.  lion  -i  .  1  .  .1  .  j.  . 


d  .il'KUA  YS 


Ability  in  set  1 1  p  tin  machine  and  t  o  hold  tale  ranee  s  durian  its 
operation  depends  upon  several  air  slides  and  their  respective 
alignments.  These  slides  n  usl  be  st  might  and  stable  during 
machine  operation  and  must  indd  iln  ir  straightness  and  relative 
alignment  between  operations.  Any  :  fiction,  drift,  or  hysteresis 
can  not  lie  tolerated. 

SPIXDI.K  SI. 11)K 


I  'nis  slide  which  is  i-n  bedded  in  the  granite  olock,  is  user!  to  raise 
a  ik!  lower  the  workpiece  spindle  in  a  straight  Line  which  is  nominally 
perpendicular  to  the  granite  surface.  Its  orthogunility  to  the  g  ranitt 
suriace  is  no!  a  hsolule ly  essential,  but  its  small  inclination  to  the 
orthogonal  tuns!  :>e  known  in  magnitude  and  direction.  It  this 
inclina’ion  ex,  oeds  1>  a  re  seconds,  measurer]  a  round  tin-  y  axis,  it 
must  or-  corrected  by  lapping  the  granite  surface,  or  correcting  the 

directions  ol  tile  s  1  id t-  ways.  Measurements  may  be  n  arie  using  an 

a  ul  ot  oil  in  i,i  tor  on  tin-  granite  surface,  and  electronic  mechanical 
probe  with  sensitivity  ol  one  microinch,  as  measured  against  an 
optical  Il.it  at  least  Id  inches  long  placed  along  the  line  of  t  ravel 

against  the  surt.ue  ol  the  slide.  Iht-se  data  shall  be  rtnorded  at 

one  inch  intervals  ol  slide  travel.  A  point  in  the  spindle  axis  al  the 
level  in,-  spindh  late  plate  shall  travel  in  a  straight  line  over  the 
'till  x  incites  ol  sli'h  travel.  Inning  this  travel,  the  point  shall  not 
deviate  Iron,  a  straight  line  more  l  ha  it  It 1  millionths  ot  an  inch.  I  1  ti¬ 
ll  <  is  t  titling  straight  line  so  determined  shall  not  i>c  inclined  greater 
lit. in  1  >  aiu  seionds  to  tin-  best  normal  to  the  granite  tattle.  When  ti 
spindle  sliu,  is  lot  ked,  it  shall  remain  at  a  height  rei.ilt\e  to  the  ~n, 

toe  ol  the  granite  tuple  wi  I  hi  n  tii  ree  millionths  of  an  inch  uur  a 
period  o!  one  hour  or  more. 
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t .  \ \  i  )■: 'i  sum;  am.'  k  \  ii.s 

I  Ilf  uppe  r  in.  ii  him'  struilurr  is  mad''  to  ride  over  tin-  granite 
surl.in'  on  three  .11  r  pads.  When  air  is  r  •  •  1 1  mved ,  this  so  .alio': 
gantrv  structure  will  remain  nx.ni  to  tin-  granite  surlatc.  Its 
position  over  tlio  uranito  s  ur !  a  oo  is  determined  by  two  o  rthrigaii.il 
sirlo  rails  which  iro  m  o  isuroii  auainst  oiiork  points  on  tin  !oo| 
o!  the  uanli't  bv  tin-  uso  o!  uil'o  blinks.  Moa  stt  rcnirnl s  and  l<ti  <•  r 
application  may  reauire  la. so  r  gage  which  is  allowed  to  r  in  iho 
design.  Tho  uantry  is  marie  to  slide  six  inches  along  the  y  axis  and 
two  inches  along  the  .x  axis,  fiver  this  range  ol  travel,  the  gantry 
structure  shall  not  lilt  in  any  direction  more  than  one  second  of 
arc.  This  may  be  measured  by  an  optical  flat  on  the  gantry  and 
an  aulocollimalor  on  the  granite  slide  as  the  gantry  is  positioned 
over  tile  granite  surface.  At  the  same  time,  orthoganality  and 
straightness  of  the  side  rails  may  be  checked  against  the  optical 
flat,  using  the  autocollimator  and  an  (electromechanical)  probe 
mount  or  I  on  the  granite  surface.  Assuming  absolute  accuracy  of  the 
gage  blocks  used  in  positioning  the  gantry,  the  combined  straight¬ 
ness  and  orthoganality  of  the  guide  rails  shall  not  produce  an  error 
of  positioning  greater  than  ten  microinches  in  any  position  of  the 
machine  structure  over  the  table. 

4.1  MM.  T1U  NMON  AXIS 

The  tool  spindle  carriage  is  carried  in  a  trunnion  on  the  gantry. 

It  may  be  elevated  (turned)  around  this  trunnion  axis  as  well  as 
slid  *  one  inch  along  the  trunnion  axis.  The  trunnion  axis  is 
nominally  along  the  x  axis  of  the  machine  as  defined  by  the  guide 
rails  on  the  granite  surface.  The  trunnion  axis  must  be  orthoganal  to 
■  direction  of  the  motion  of  the  workpiece  spindle  slide  within 
•  in  second  ol  arc.  Over  the  one  inch  travel,  the  tool  spindle 
carriage  shall  not  tilt  more  than  one  arc  second  as  a  result  of  the 
sliding  motion.  This  may  be  checked  by  an  autocollimator  on  the 
granite  surface  against  an  optical  tl.it  on  the  side  of  the  tool 
spindle  carriage. 
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1.  I.  4  i  !::  Wit  >N  I  :  ! .  1  Sl.ll’K 

|:i.'  |.  »  i|  swindle  i  .t  cringe  i  s  s  •  i  >  > ;  >  i  _>  r!  ed  ;tl  tin-  rear  by  a  si  jrlinii 
nearmg  wli.isi’  snr!,irr  is  tarried  in  the  gantry  strui  turc.  As 
tie  to. 4  .  arri.ii.v  slides  'Mil'  .fid  turtii  if  tin-  trunnion,  tie- 
iir  i  nih'  .it  ttif  rear  sli  ii-s  .«_•.«  in -a  i  surfan'  which  must  be 
i  f  is!.'  :  ; >  i  r.i  1 1 1 •  I  I.,  it.  I  iil.-ss  tiif  parallel  surfii.  <•  is  properly 
.  t  1 1 ,  i  s  t  ■  tin'  tool  i  .1  r  t'i.i  tif  will  lilt  ,is  it  slides  back  and  forth 
in  tin  l  niiinion.  (tin  in  n  ifil  inn  shall  not  ('•-'.suit  in  tiiurc 
than,  off  si'.im'l  tilt.  I  his  again  iiiay  he  checked  by  an  optical 
Mat  on  the  tool  i  ai  ri;uii'  against  an  auto  collimator  on  the 
granite  surface.  Since  the  sliding  bearing  is  loader!  by  weight 
of  the  tool  carriage,  its  pressure  must  be  ca  retully  regulated 
so  as  not  to  change  its  clearance  during  operation.  This 
clearance  must  be  held  accurately  with  j_  1  micron  during 
trachine  op<  ration.  Its  nominal  clearance  is  approximately 
tour  (41  microns. 

4.  1.  4  TOOI.  llOI.DKR  ARM 

The  tool  holder  arm  shall  slide  on  .<  surface  which  is  orthogonal 
to  the  tool  axis  spindle.  I'istance  o!  the  tool  tip  from  this 
reference  surface  along  the  tool  spindle  axis  must  be  known 
accurately  for  preset  tooling.  Also  the  distance  of  the  tool 
tip  from  the  spindle  axis  in  the  direction  of  the  tool  holder  arm 
must  be  accurately  known.  When  the  tool  axis  is  in  its  zero 
degree  position,  the  tool  tip  must  lie  directly  below  the  tool 
axis  along  the  line  of  the  work  piece  spindle  travel. 

Deviations  of  the  tool  .axis  arm  from  its  prescribed  direction 
shall  not  exceed  ten  (10)  n tic roinehe s  normal  to  its  direction 
of  motion  over  a  distance  oi  six  (t>)  inches. 

4  .  1 .  1 .  6  M  A  CHIN  !■;  C  K  NT  K  K 

The  machine  center  is  letined  as  the  position  in  the  tool  spindle 
axis  directly  above  the  tool  tip  when  the  tool  spindle  is  in  its 
zero  position.  Position  ot  the  machine  center  relative  to  the 
work  spindle  axis  and  the  work  spindle  face  must  be  accurately 
known  when  the  machine  is  set  up.  When  tranducers  on  the 
various  slide  axes  are  zeroed,  the  tool  spindle  axis  shall 
intersect  the  work  spindle  axis  within  ten  (101  microinches. 

This  may  be  eheeked  by  mounting  a  gaging  ball  on  the  work 
spindle  table  lint|  ;tn  elect  ro-mo  chanical  probe  on  the  tool  axis 
spindle.  With  all  axes  zeroed,  the  probe  is  adjusted  to  scan 
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the  tooling  ball  until  its  center  is  located.  This  may  be  done 
with  the  tool  carriage  tilted  lorward  at  some  angle  such  as  4'j  . 
For  a  zer o  setting,  total  indicated  runout  on  the  nail  may  not 
exi  red  twice  the  certifier)  accuracy  of  the  ball.  Spindles  are 
turned  simultaneously  to  conduct  this  test.  When  the  test  is 
completed,  height  of  the  ball  above  the  granite  table  must  in¬ 
accurately  measured  and  then  recorded.  Without  sliding  the 
carriage  and  the  trunnion  axis,  and  holding  the  gantry  on  the 
granite-  table,  another  center  at  a  different  carriage  inclination 
shall  be  found  and  recorded.  Total  indicated  runout  of  this 
second  measurement  shall  not  exceed  twenty  (20  nicroinches 
lor  a  change  in  carriage  tilt  of  4  5  J. 


4.1.2.  m 


ADJUST  MIC  NT  OF  THE  MACHINE  CENTER 


The  machine  center  may  be  adjusted  relative  to  the  work  spindle 
in  se  ve  ral  ways . 

a>  The  gantry  may  be  adjusted  against  inechanica’  blocks 
as  heretofore  described. 

b)  A  micrometer  in  the  trunnion  slide  may  be  adjusted. 

c)  A  Linear  actuator  carried  against  the  micrometer  tip 
to  produce  a  fine  control  motion. 

d)  The  work  spindle  column  may  be  raised  or  lowered 
a  prescribed  amount. 

o)  The  tool  spindle  carriage  may  be  tilted  in  the  trunnion 
axis . 

f)  The  tool  arm  length  may  be  used  to  change  the  position 
of  the  tool  tip  normal  to  the  tool  spindle  axis. 

g)  The  adjustment  may  be  measured  by  the  laser  gage 
if  available. 


4.  1.  2. 6. 2 


STABILITY  OF  THE  MACHINE  CENTER 


Once  the  aforementioned  are  made  and  set,  and  the  machine 
center  determined,  it  shall  remain  stable  within  TIR  of  six  (6) 
mic  roinches  on  the  gage  ball  lor  a  period  ol  one  (11  hour  or 
more.  This  is  presuming  a  temperature  of  the  environment 
held  stable  within  1  1  1-  over  the  test  period. 

MACHINE  SHIN  DEES 


M  is  tin-  spindles  which  determine  the  machining  accuracy  aim 
surtacr  finish  within  the  capabilities  ol  the  machine.  I  he  work 
pieie  spindle,  o:  ionise,  determines  the  symmetry  ol  the  axis 
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.1!  revolution  1  v.  1  !i  .1.-  in  ]:.  in.  '  .  •  .'.in.  n  • 

or  h  irnninii  s  o:  tin  sp.  .  1  1  .1  .  I  n-  '.,..1  eon  lie 

ie  t  e  r!  n  i  lie  s  1 110  s  11  r  :  a  ,  e  1 1  s  ;  1.  •  ■ .  1  r  1  s  1  •  n  1  1  ■  1  be  ra  '  1  .  ■ ,  - 

ii'i'  .oiUTnn"i.  Si  1  u  •  -  1 1  : 1  i ■  ,  ’  ’  1 1  1 1 .  (  .1 1  1  1 .  .  .  ’  ri  1  Anri 
piece,  it  determines  tin-  (>«•  i*i- •- li-  i > y  tin  j  rati.-g  lines  \m.h  ii 

1  "r  iiom.t  1 1  v  tormed  11.  liaii  yin  i-  1.  Inning. 

4.1.  1  WORK  1>U'X:K  SLINLM.L 

1  his  spindle  shall  he  o.iI.iiut'I  and  tested  jetween  live  liund  red 
I  >001  and  fifteen  hand  red  (1300)  KI’VI.  A  eugr  null  shall  he 
mounted  on  the  spindle  lane  at  a  height  of  approximately  two  (ill 
inches  and  centered  within  the  tolerances  of  round  ness  of  lin¬ 
eage  hall.  A  capacitance  gage  may  he  used  for  dynan  ic  checks 
at  higher  speeds.  A  plane  mirror  rnay  bo  used  on  the  spindle 
face,  pc  rpendicular  to  the  axis  of  rotation,  in  order  to  measure 
wobble.  An  auto  collimator  may  oe  used  for  low  speed  checks. 

At  higher  speeds,  output  from  the  split  sensor  may  be  displayed 
on  an  oscillosocope  to  determine  dynamic  spindle  wobble. 

Spindle  runout  is  determined  by  the  gage  ball  and  shall  not  exceed 
two  (2)  to  three  (3)  microinches  at  low  speeds.  Spindle  camming 
is  measured  atop  the  gage  ball  and  shall  not  exceed  one  (ll  to  two 
(2)  microinches  at  low  speeds  and  shall  not  exceed  two  (2)  to  three 
microinches  at  the  higher  speeds.  Spindle  level  at  low  speeds 
shall  not  exceed  one  (1)  microradian  and  not  exceed  two  (2)  to  five 
(5)  microradians  over  the  higher  speed  ranges. 

4.  1.  3.  2  TOOL  LKIVK  SWINDLE 

The  tool  drive  spindle  may  be  checked  in  a  similar  manner  to 
the  work  piece  spindle.  Low  speed  tolerances  are  the  same 
as  for  the  work  piece  spindle.  The  tool  axis  spindle  should 
also  be  checker)  lor  axial  and  radial  stiffness  at  the  tool  tip. 
Locating  the  tool  tip  two  (2)  inches  outward  from  the  tool  axis 
spindle  face  and  six  (6)  inches  from  the  spindle  axis,  a  torce 
of  ten  (HU  grams  shall  not  deflect  the  tool  tip  more  than  one  (li 
microinch  in  any  direction. 

i.U.i  TKI  NMIOM  Tll.'I  AXIS 

1  iie  trunnion  tilt  axis  functions  as  1  rotary  spindle  although  it 
also  provides  a  sliding  motion.  Runout  and  stillness  of  tile 
trunnion  air  bearings  is  speiilied  to  be  one  (1)  to  two  (2) 


_ _ _ 2-  3S 
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1 1 :  ii' mi  tu'li*1  s  within  lit:  its  >)!  tin-  I  Piimiun  tilt  and  to  be  at  least 
two  hundred  aii'i  titty  '0|  tilo'ts  ate!  pounds  per  ini'll  radially, 
these  parameters  n.-y  n  t  lu-i  le'l  direitly  against  the  trunnion 
sbatt  in  a  radial  d  l  rat  t  ii  n . . 

4.4  1  unctional  testing  o :  the  pneun  a  tie  supply  and  control  systei;  is 

discussed  in  section  3.4.  >.  !iies<-  tests  should  b<-  duplicated 
alter  the  pneun  at  i*  supply  and  i  out  rol  system-  is  conmAted  to  tie- 
machine.  Much  of  the  -iir  system  must  oe  tun*  tional  during 
testing  ot  the  spin  lies  and  slides.  Satisia  c  tory  execution  ot  the 
p  re  vious  test  in  s  e  c  t  ion  -4.1.1,  -4 .  ! .  4 ,  and  4.1.  3  shall  be  deemed 
satisfactory  demonstration  ot  the  pneumatic  control  system, 
with  the  tollowing  exceptions. 

.i)  Safety  interlocks  and  alarms  must  be  demonstrat'  d. 

b)  Signals  to  the  N/C  system  must  be  demonstrated  during 
the  N/C  System  check  out. 

4.  3  Functional  testing  of  the  N/C  system  and  Servo  Controls  shall 

follow  the  precepts  set  forth  in  Section  3.  .3  when  the  N/C 
System  has  been  installed. 

a)  Hath  servo  and  control  shall  be  checked  for  per¬ 
formance  per  3.  3.  1.1,  3.  3.  1.4,  and  3.  3.  1.  3. 

b)  l-lach  of  the  operating  modes  shall  be  checked  out 
as  in  3.  3.  *3  through  3.  3.  9. 

c)  A  program  shall  be  prepared  to  machine  a  sample 
part  using  the  necessary  miscellaneous  (unctions 
described  in  section  3.4  and  a  sample  part  shall 
be  cut  and  measured  to  determine  overall  tunction 
of  the  machine  system.  The  user  shall  specily 
the  program. 

4.4  PFH FORM ANCF  TFSTINO 

The  sample  part(s)  selected  shall  it  least  n  eet  the  r  oq  ni  re  me  n  t  s 
set  forth  in  1  )AA  F  -  ib-79-C  -044  >,  section  4 .  3.4  (Coals  tor 
precision  Machined  Opt  1 1  a  1  Par*  Sp.  i:ii  .ilinnsl  with  the  except  io  i 
ni  section  > .  3 .  4 d  . 
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1K)C  l.'MF.  NT  AT  ION 
KIASt  )N  I  N  1'OK  M  A  1  I  ON 

At  .i  tin.r  s  pr  r  i  fieri  in  the  imniu  se  order,  Hi"  st'll<r  shall  iurnjs;i 
two  topics  each  ot  the  Standard  control  panel  detail.-,. 

1  > !\  M  1 .1 M  1  N A  H  V  APPKOVAI. 

Ay  the  time  or  date  specified  in  the  purchase  order,  the  seller  shall 
tarnish  two  t  opics  ot  each  ot  the  documents  dest  ribed  below.  Buyer 
will  1 1  ia  r  1'  one  of  each  "  A  P 1  ‘  KO\  KIP'  or  "  A  1 J  P  K(  J  \’  K 1 )  AS  ?.( )  I  Kit 
alter  which  lubrication  may  begin.  Approval  of  these  documents 
shall  not  relieve  the  seller  ot'  the  obligation  to  provide  a  system 
conforming  to  these  specifications. 

a)  Electrical  Circuit  Diagrams 

These  drawings  shall  schematically  outline: 

1)  electrical  main  power 

2)  monitoring  signals  and  the  interlock  systems 

b)  Electrical  Block  Diagram 

The  complete  electrical  control  systems  shall  be  shown 
on  a  block  diagram. 

c)  Outline  Drawings 

These  drawings  shall  provide  the  outline  dimensions  ot  the 
machine  tool  and  control  cabinet. 

KINA  K  DOCU  MENTS 

Ihc  seller  shall  tarnish  the  documents  described  below.  Except  for 
the  instruction  manual,  of  which  three  copies  are  required,  they 
shall  he  furnished  as  reproducible  transparencies.  They  shall  be 
"as  built"  and  relied  all  changes  made  to  the  system  up  to  the  date 
of  final  acceptance  by  buyer.  They  shall  he  furnished  at  the  same 
time  as  the  equipments  except  that  revisions  resulting  Iron,  ac  cept¬ 
ance  testing  shall  be  furnished  within  bO  calendar  days  ol  the 

i  nspe  <  t  im. . 
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5.3.5 


at  (  i  re  uit  1  'i.i  g  r.tms 

Individual  chassis  and  Ihc  complete  system  shall  be 
shown  s  chematical  ly  on  these  drawings.  I  Jr  a  wine 
numbers,  part  numbers  and  symbols,  terminal 
numbers  and  other  identifying  marks  shall  allow  sim.ph  , 
positive  c  ros  s  -  identiii  cation  between  the  diagrams 
and  tin-  actual  part  ot  systems. 

b)  1  .oh  c  I  )iag  rams 

A  logic  diagram  shall  be  provided  using  logic  symbols 
and  a  plan  of  connection  to  describe  tile  tunction  ol  each 
logic  element  and  unit  of  the  system.  The  logic  diagrai: 
shall  include  a  definition  ol  logic  M0"  and  logic  "1"  in 
terms  of  the  voltage.  It  is  preferred  that  this  be  done 
by  means  of  a  truth  table,  illustrating  all  possible  input 
combinations.  The  diagram  need  not  show  power 
connect  ions . 

c)  Voltage  Charts 

When  required  for  operation,  maintenance  or  checkout, 
a  list  of  all  critical  voltages  or  wave  forms  between 
terminal  points  shall  be  given. 

d)  Instruction  Manual 

All  necessary  instruction  for  installation,  operation, 
maintenance  and  calibration  shall  be  provided. 

o)  Parts  List 

Ibis  list  shall  identity  all  components  by  name,  si/e  or 
rating,  manufacturer's  model  or  serial  number  and,  whet 
applicable,  the  II.PKC  or  other  such  identitying  code. 
Ordering  instructions  tor  non-standard  parts  shall  also  in 
i  m  1  tided . 


I  i  ,S  I  !  'K’(  J.MS  A  \!  '  INST  K' I  (IK  >\S 

1  tie  S  e  1  le  I  .III  !  I  UMllsh  le-,1  I  I  to  I  :  ,  Old  i  1 1  s  !  r  U  .  !  1  o  I  .  S  Oil  I  tie 
s  s  ’  ■  1 1  ,  ;>>  •  r  1 1  •  I  t :  1 1  .  1  ■  .  1 1  id  r  e  I  l  I  !>i  1  i '  \  tests. 
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I  NS  1  AI.I.A  I  iO\  SI  I'l.KV  1SION 

1  he  s < •  1 1 < •  r  shall  tarnish  tin-  services  ol  qualified  iii-l'i  ‘•ndiri  >  >  ■, 
i 1 1 c Iodine  •  i  machine  too!  representative  and  control  s\sten 
representative ,  to  supervise  tile  installation,  testing  an  initial 
operation  o:  tile  system  at  buyer's  site.  ijusic  I  ns!  no  time  o! 
buyer's  personnel  in  the  operation  a  nd  mainte  na  nee  of  the  eiiuip- 
tlient  ts  reiuiireil, 

I  NS’t  pi  CilON  A  XI)  TRAININ'  1  PUOdHAM 

The  seller  shall  provide'  the  following  traininu  programs  and  a 
schedule  tor  when  these  training  programs  are  offered.  The 
schedule  shall  permit  completion  of  this  training  a  minimum  of 
one  month  prior  to  delivery  of  the  equipment.  Manuals,  draw¬ 
ings,  and  other  printed  materials  shall  be  available1. 

PROGRAMMING  AND  MAINTENANCE  INSTRUCTION 

Machine  tool  operations  programming  and  maintenance  training 
shall  include  the  theory,  operation,  installation  and  maintenance 
of  the  control  system  and  related  machine  components,  also  the 
ope  ration  and  maintenance  of  NC  controls,  and  will  be  directly 
associated  with  the  equipment  being  shipped. 
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i  -  > :  •  '  i  i  ■  ■ : 


i  i  :■>;  -i  ■  1  ’  :  •  i 


>  ■  j  i :  t  •  i  •  1. 1 >  ■  s  ,s  i  > ;  >t  l .  ■ .  1 1  t  i  • f  r  >  ill  >  a  v  , 


.1.  ni-i:  .i .  i :  i  i  ;  i  m  ;j  is  usual  I  v  ;)<•  r :  ■■  >  r:  i  ,i  d 


n  cms  witn 


sui  r.d  i  e  ti.  :  slides  \v  1 1  f  i  nyri  rostat  i-  or  .if  rust.it  i ;  'hi  ritus,  ttv 
.'I'niiiiliy  o:  turuiiu'  .ml  s  li  i  •  nu  run  p  meets  ipproaniies  the 
1 1 ! :  .  ii  s  i  >1  opt  i  r  i  1  inrirtiloitt  I re  si  b  ut  i  ■  ■  i  l  in  many  .  a  s  i-  s  . 

\ift  roluuv  of  1 1  i  i  m  -  n  si  c  hineil  pat’ll  is,  therefore,  best  prr- 
tormed  "on  - 1  he  - 1 1  ,.i  c  nine  esp.  '  i  n  -  u  r  m e  s  s  .  Also,  most 
it  .i  r  ro- machined  surfaces  have  <i  shiu.  smooth  appc  i  rant  <■  air: 
refleit  lii>ht  .specularly  to  some  decree.  Therefore,  interfero¬ 
metric  inspection  methods  can  lie  applied  without  difficulty. 


Achie vine  the  figure  compliance  with  regular  eeomet  ric  shapes 
like  plane  surfaces,  spherical  sur luces  and  cvlindric.il  surtaces 
and  certain  conical  surl.it  es  are  not  a  problem  tor  machines 
'.hut  «|uulity  for  ir.it  ro -mu  chi  ni  nc  {  l  .  c- .  air  bearing  niacninrsl. 

As  a  matter  o!  tact,  interferometers  should  be  embodied  with 
i:  at  (lines  lor  n  .  i  e  ru  -  mu  c  iii  ni  n  c  "o  <  |  n.i  lily  ami  eertilv  the  machine 
and  the  parts.  Interferometers  also  sene  for  continued 
surveillance  ot  alignment  of  the  machine.  Typical  is  the  tiltini; 
o!  live  ut  spindles  with  respect  to  slide  motion  in  order  to  product 
planar  surtaces.  This  is  a  ceomplishcd  best  by  an  i  nt  e  rl  e  ro  me  t  c  t 
pa  r a  lie  1  i nr  the  spindle. 
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1  ii'  I  \  ii.ii'  1 1  s  1 1 :  well  i  ■  x  i  ■  i  'it « • '  i  i :  1 1  r  ■  i  -  n  :  a  rh  i  i  .i  •  s  ,  t  r  •  ■  ;  i  r  .  ■  i  i  .> .  ■ 

<  ■  m  iu  o  ii  tn  1 1  low  the  i  nt  o  u  ro  1 1  ' :  1 1 .  i  •  ■  r  I  <  ■  :  <  m  ,<■  1 1  r  to  s,  ,n;  p,i  rl  s 
mi  till-  n  uciiine  tli, it  .i  it  l.i  r  r  tli. in  its  ;  i  <  •  1  i  ol  view.  Type  a 
this  is  tin-  s.'iiiniim  nt  ily.ut  rci  1  <  ■  l  tors  as  l.ir  jo  as  tnc  foe 

I  i  \  allow  us  in.;  a  sit.  ill  hi  at  i'll- 1'  i  ut  i- r!  c  roil  ,oi  o  r  .  As  tip-  si 
transports  tin-  tinislii'  :  ;i  a  rt  undo  no  at  it  tin-  i  nl.o  no  roii.r:  <•  r, 

I I  i  o  1 1 1  •  ■  j  i  1 1 1 1  •  r  J  i  •  r  i  •  u .  i  *  i  rimes  should  not  c  1 1  n  t ,  a  >  •  their  ipocir.u 

1  s  |  la ,  i  1 1  l'  a  I’-'i  o  r  i  •  •  nt  at  i  on  v .  !.  tin  \  ho  there  is  eitho  r  !■  a  to  rial 

1 1 ,  i  s  bt'iia  vt  ir  (in  tori'  ation)  or,  t !  j  *  ■  siiiii-  travels  unevenly;  or 
worst',  tim  s  i  i :  t  n  t  ■  s  x  oi  muchitn  rot  i  ipone  nt  s  was  i  nad  r  ii  ua  te  ’ 
w  it  I)  s  t  uno1  tin-  loi|  through  i :  ariiin  i  nv  a<  lull  liL'iire  i  ompli  on 

1  lie  c  |  ui  va  I  c  n  t  is  true  tor  sphoriral  shapes.  A  irit  ru  -  sptie  n 
wavefront  i  nte  rl  r  roll  rler  put  in  plate  ot  or  next  to  the  diamo 
tool  may  be  use'!  to  sweep  across  surfaces  and  vv  ri!  v  the 
spherical  comet  rv  by  lTinee  count. 

Here,  too,  the  combination  ol  small  si/a'  optics  with  precise 
be.,  rim;  quality  motions  leads  to  ve  r  ilicat  ion  ot  surfaces  m.  i 
machine  to  tolerances  tally  con  ipa  tittle  witii  into  rle  ron.i  '  rv  o 
the  entire  surface. 

ON  I  !  1 1 .  MACIIINK  INI  1 1  Ml  I.KoMili  HRS 
FLAT  SIR  HACKS 

There  is  no  technical  problem  at  all  with  int  i*  rl  e  romet  e  r  s  lor 
flat  surfaces.  The  instrument  must,  however,  provide  for: 

a  )  Sharp  intake  ol  sample  as  far  as  this  is  possible 
with  laser  illumination.  t  nwanted  phase  contrast 
el'lects  are  minimized  it  'In  si  roon  shows  an  imaee 
well  locused  oil  sample. 


A  size  ot  lob  mm  diameter  seems  appropriate  t> 
most  applications.  A  reteren,  e  .m  ura.  v 
oi  at  least  ^  Th  is  requireu. 


hi  I  in'  ini  us  [or  d  i :  I  r  i  c  1  i  o  1 1  mac 
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i 


•  »  1  i  i < •  <  > : ) !  i  c  « !  .  •.  \  i  t  > :  ‘  . .  i :  •  i 

•  ;  i  ;  .  1  1  1  «  >  vV  its  <  >)  l  J ,  I  :  t  ;  i  . 

pi.,! 

i  S!  >1  !!;;•:  U  ■  \  :  A  i  /  \s ;  -  a  i  >\\ . . :  • ;  ( 

1  \  r  ■  r  •  i :  s :  r  u  i  .  a  n  : ;  >  I » ■  x  i 1  .  i  •  i  i .  . .  d  .  :  w ;  ■  :  i  i  i .  1  <  ■  r  i .  ■  r  o  r  s 

I  •  - '  f  s : )  1 1 1  ■  r  i .  .  1 1  or  <  j  u  ■  >  s  i  -  s  :  >' ;  ■  •  r  i  ,  .  1 1  j,uri.i  r.-s.  i  is.-  mst  ruts. cm  is 

j  :  -  i  i !  1 too  bul  i-  \  m  r  <  ■  i : .  i  i  r .  in  plane  f  1 1 1  r  i  i ;  fj  i  i  >  ■  cuttim;  ope  ration 

j  rau  »!•  u!  l :  it  !■]■',■  mu  (■  with  in.  opti.  al  axis  ui  a  la  rue  a:n  •  r  l  ure 

j  s-.i.ii  ii  a  1  imc  niiiiftc  r  n  >ist  :n'  irountni  so  that  its  axis  is 

.  oil...  i  i  v.-il!)  tor  axis  o:  iiir  wuri  spindle. 

i.'ir  I :  .on  nt  ii  is!  or  eons  I  ru  e  t  r  <!  so  that  the  motion  require/; 
t  ;>  ariiii:  the  instrumrm  and  part  ■  enters  into  coine  i  dr  r.ce  will 
not  cause  loss  o:  ill  is  alignment.  1  :i«>  roilH'idrnrr  of  these 
renters  is  i ndi cat r d  by  tin;  uniiorn  tint  of  thr  interference 
:  j  a  1 1  r rn. 

V  spherical  i:  d  c  roi  jin  r  (lined  parts  (rrllrrti  rsl  have  central 
til'  riall  holes.  lllr  interlc  rolurtiT  in  tins  1  asr  miuhl  or  !!  r.untrii 
oblique  to  thr  spindle  axis  where  it  miiiht  not  interfere  with  the 
tool  nolder.  I  his  off  axis  positon  does,  hovvovo  r,  present  the 
t  !  ;<  d  las;  lit  two  dm.ensiona)  nlimiment. 

! 

I  !■•  o\i  taor. ■  tiiese  cli  1 1  i  i.  ui  t  ia  ■  s  sliio  f/d  i  int  e  rt  e  roll '.et  ri  e  sensinu 

or  )ie  no  larger  tdiai  ‘in-  to.d  is  indicated  tor  seanninj  soneres  or 
• ;  a  I  ■>  i  -  sole  res.  I’aa  eisi  the  lii'ld  of  view  is  small  in  sneii  a 

or  i  i<  ,  tiie  i  n !  o  r  i  ation  about  the  surtare  is  assessed  by  cuun'inii 

'  *•  i  1 1 .:  •  •  -*  ii.issiht'  by  the  instrument  optieal  axis  rather  tiian.  b\ 

.  -lea.  i  1 1  a  the  entire  aperture  as  with.,  lor  example,  a  1  ,  s  1 

1  s  1  >il  e  r  i  a  1  i  lit  e  t  :  e  n  ill  let  e  r  . 


I 
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\ :  i  .s i  ‘i :  i  k  ) n  or  \ !  1 1 :  i <  j  - \ ;  a n  i ;  . ;  .1  •  1  *  \  ;  ■  i  s  w  n 


i  Mo  i  ■ ;  .  1  i<ii:  ol  I  i>  i(  ro-n  .11  Mined  sur:  i,  i-  ■  ■  ••  sti  no  t  it  1 1  <  ■ . .  -> 

-  :  1  •  > . ;  i  :  1 1  s  1 1  Mi-  (one  nil  : ;  i  ■  ■  r :  ■ .  i  .  :  1 7  '  •  h  !■  -i  ; ;  j .  ;  i  njj  .  I  i  -  l 

is  : i  rt  i  •-<«!-*  r  h  pruili.il,  .  i .  1  ■  ul.  i  m  s  :n’  <  i  i  - ,  r,  ■  >h  <•  n  re  .  •  ■<.  i 

.  t  •  l  •  i  •  ■  r  ’  •  .1  !  >i  i  i  -  s  i’ :  •  i  1 1  g  :ii-,pi  i  nr  i.nl  a  no  vti .  ■ !  i  i  •  •  a  ter!  e: 

•  1 1 1 1  i ; i u  n  i  n In  !><•  i  iri  i  i  !  I  I’d . 

Hi’,  ,t  us»-  n:  the  I  i  r  l'  i  ’  iri.i  regal  »  !*  i «  y  and  pe  r  i  <  >i !  n  i  i  v  ni  1 1 .  i . 

t  ru :  u  !■'  nr.  n  i  •  ;■  1 1  - 1 1  • .  i  >  ■  li  i  1 1 1  ■  - ;  huriarns  all  <•::<•,  t ->  i  im.iMiiyi:.:' 
i:i’  re*  lection  o:  light  n:  mi.  it  sur  laces  involved  di  r.  ra  c  tiot . 
in  \  I  I'iij'is  ul’ili’i’S,  spall. li  rnniiirics,  h .  t  r  n  o  ti  i  r .  1 1 1 V  related 
■  omijonents  and  .s  e.il  I  e  red  light.  The  spectral  density  function 
(Si 'Id  is  -lust  r  e  veal  iitg  .ilium  the  surface.  Relevant  theory 
i  s  de  :s  i  filled  i  n  ret.  1 . 

id  i-  !■  KCTS  S  Id  Id  X  VIST  M.i.Y 

■wittily  observed  »>y  the  naked  eye  anti  by  simple  technical 
tee, ms  are  both  rlill  ratted  1  i i_> h t  in  higher  orders  and  spatial 
beat  frequencies  between  regularly  spaced  tool  marks  and 
general  machine  vibrations,  superimposing  the  cutting  process. 
Sratterel  light  due  to  other  than  random  structural  effects  and 
low  angle  diffraction  a  round  the  zero  order  (specular  reflection) 
arc  less  readily  observe''!  visually. 

Where  ts  regularly  spaced  grooves,  which,  due  to  teed  rate, 
are  usually  in  ihe  order  ol  between  two (2)  and  ten  (10)  micro¬ 
ti  eti’t’.s  wide  and  mostly  with  circular  cusp  c  ros  sect  ion  cannot 

observed  by  the  naked  eye  indi vidually,  spatial  beat  !  requem  ics 
(Moire)  between  regular  cutting  grooves  and  vibrations  caused  by 
the  iliac  bine  are  observed  visually  in  lorm  ol  Moire  patterns  on 
tee  n  i.i  chine  d  surl.u  es. 


\  very  typieal  machine  error  is  spindle  coning.  The  spindle 
•  i  xi  s  moves  on  a  prei  ision  cone  with  a  irequeney  much  lower 
Ilian  its  speed  o!  rotation.  Ibis  eauses  a  periodic  structure 
oi.  Mi.  rn-tii.ii  (lined  s  u  r  1  a  c  e  s  ,  usually  as  wide  .is  in  the  order 
o’  ten  (I'M  to  one  liundred  (lp()l  n  ro-grooves. 
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IW.lt  I  ITi  !  '  11'  IK  i  I  •  S  or  [' MIL’ -  WU  Vr  Lt  IM'JVl’S  111-  l’l’l  O’glli/.l’d  quite 
I'.isilv  with  tin-  n.iki-ii  i-v.  It  is  iiclpl  ul  to  sc. in  and  nltsi’  rvr 
.1  n\  str.iiL'h;  •>  ri  Ltlit  liin1  whiib  is  sunirwhat  distant  and  parallel 
;<>  tin  i •  >: p t •  i  i i • : I  l;  rum  es*  Sik  it  a  :st  r  .tight  line  might  hi’  an 
i  1 1  r  .i  m  le  s  i  c  i  it  lii’ii’.  1  lif  edge  ul  tin-  "st  r.tiuht  iinlit  line  appcu  rs 
s  i  w- 1  <it  it  li  -  !  i  i  i  inlf  r  rupte  u  or  f  o  r  r  i  iu  a  1 1  <i .  1  .it  t  Li  ■  s  i  •  nsi  •  is  s<  ■  •  ■  r. 

iti  ti  iiTusnipiiiL  tin-  elfiwt,  ijiT.ju.se  the  machine  cause  must  be 
.  u  r  *■ ' :  as  :  a  :•  as  lo  remove  visually  re  on;i  li  /  utile  defects. 

‘\iiotlier  e:  • .  i”  seei,  readily  on  n  de  ro-nii  chined  surfaces  is  that 
■  !  ]>e  riodi-  tool  it  .U’rs  produced  by  poo  fly  -  set  or  tlatii.i  ge-d  tools 
1  he  y  riiove  -.  ;i  rorlueed  by  s  ucii  tools  are  not  smooth  and 
-:i:i  r.u  tint  t.il-i’s  til. tee  rjui  t  ••  readily  on  tiny  micro  profiles 
Stipe  fist. pose-::  to  the  regular  c  USD  ol  the  Iij4 lit  beam  reflected 
ot!  tin  surf  a.  e  . 

SIM  Id  .K  T  r  (ill  MCA  I  •  M  i-.’A  NS 

i’ra  lic-.il  illun.iiuttors  are  small  single -filament  or  single 
point  lamps.  I  tic  lightbulb  might  be  in  a  lamp -.housing  wit!) 
an  inexpensive  e ollinnitiun  lens.  The  diffraction  can  be  seen  as 
rainbow  colors  and  they  should  appear  in  a  rather  uniform  tint, 
as  the  light  is  shown  onto  the  sample.  The  tint  appears  more 
utiiiorn.,  as  trie  grooves  become  finer.  The  diffraction  spe<  t  rur 
t  sever  tl  color  sequences  1  is  seen  as  the  grooves  become  more 
widely  spaced. 

Mil  rotn.it.  hilied  specular  surfaces  of  good  quality  should  not 
exhibit  color  it  only  form  compliance  is  required  this 
D’lenon  i'ii,i  will  not  be  indicative  ot  part  quality. 

1  in-  depth  of  the  grooves  (error  depth)  anil  tool  marks  has  no 
influence  on  the  spa'ial  distribution  of  diifructed  light  but  il 
in  parts  tb’  intensity  distribution  in  the  diffracted  light.  The 
error  depth  must  be  determined  by  other  means  (section  3.  5). 

■  minded  laser  beam  of  about  one(l)  in:  diameter  reflected 
b\  tin  sample  and  focused  onto  a  screen  will  usually  produce  a 
;  i :  t  r.i  i  t  ion  sin’l  l  rmii. 
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Inis  c  I  i  s :  >  I  •  i  v  1 1>  •  u  u  wi'ii  tin-  i  >  in  ■  v  n  i  i  is  I  y  n '  ■  t  v  ■ r  i  color  provid< 


i  I  ! ;  list  ill  1 1 1 1  ■  1 1 1 1  o  r  !l  . ,  1 1 1  o  i , 
t  i hi  nt :  i  c  ;i.i  tnniclrrri. 


.  :  <  i  r  u  mo-  r  too!  settlin'  an'! 


i  >•  n.ir.sr,  (Mo  hichest  qualify  .six-"  ilia  r  surta.  r  will  no!  i)  n/:1].  - 
.  1 1-,\  •  :i :  :  r .  i .  iii"i  m-rli-  rs  at  all.  \\  hi  I .  •  this  is  realt.mT  ,  th  <  ■  n 
:•  i  ■  i :  1 1 :  i  s  tin-  niiisi-  ,i  rouni1  in-  .■  i-  ro  o  r  <  I  ■  •  r  (  s  ;x  •  ■-  1 1 1  a  !  1  .  r  <  - :  1-  -  c  l'  - ' : 
ir  ,i:  i.  t  >:  t  <•  n  this  iixli'ii  .  s  not  only  it,  tin-  di  rectios.  norti.al  to 
t'a-  .  nttiinj  grooves  but  all  four,'!  tit-  zero-order.  1  his  indicated 
r  in  i'll,  sitriai'c  •  ii  ■ !  i  ■  i  I  s  ot  ,i  rfi/v  1  a  r  cp  - 1-  t  It  i ;  i  ’in  u  niuvi-  width. 

I  -a-  r«  : :  •  -!\  :  o  r  this  ro.'ittvs  a  n  ucit  ttnir'  retined  tool  i  nspe ■.  ’.in: 

>  it  it;  is  oossibb-  ori  till-  n  a .  him-. 

T  tie  sr.ii  tioil  nusi-t  i.iltui  of  tlia  '1  it  t  r.o  t  ion  spot  t  ruin  inc  1  ado  s  : 

i  i  n  .  1 1 .  j  1 1  ■  |)ui"'  lie-lit  source  tn  !  >  <  •  oi-rtm!  in  a  con  - 
vntfiit  location  io  illuminate  the  surtace. 

bl  a  I  i  e  \  e  laser  ,  ollitnator  (ie  1  o  c  us  s  erl  such  as  to 
produce  a  lichi  focus  at  a  distance  oL  dijuul  1  nt. 

In  effect,  tile  theory  ot  bit  -eri  re:  le  tt  ton  yratinjjs  p  rede  s  c  ri  be  s 
tile  theory  required  to  explain  the  'In  t  raction  (’fleets  on  micro¬ 
ti  achined  surfaces  (ref.  if. 

Ml-;  A. SI  KiiMl-i.M  OF  PARTS  -  Ql  AI.IFYiXG  TESTS  OKI-  1  1 1  E 

macium; 

Error  Depth 

lute  rlc  retire  )  rinyes  are  a  practical  means  for  detection  o:  mis¬ 
match  of  a  general  machined  surface  I  root  a  theoretical  best 
tit  spherical  surface.  This  measurement  can  be  used  to  determin 
a  departure  as  small  as  A/10.  Local  area  departures  trout  the 
theoretical  best  fit  spherical  surface  can  also  be  detected  to  a 
departure  in  the  order  of  A/S. 


Multiple  beam  l-  i/cau  techniques  most  practically  tend  to  cover 
nefects  ot  depth  to  A  /  -1 ,  it  their  later. tl  si/e  falls  between  irinces 
frel.  1).  It's  greatest  value  is  tor  assessment  o:  best  fit  surtace:, 
is  opposed  to  measurement  of  deptli  of  tool  marks.  I  or  this, 
lolanskv's  method  is  better  if  in'  c  rie  roiin-t  ry  is  to  be  used  (ret. 
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In  int c r fe  rot i let e  i  s  that  allow  !or  long  object  rli.stan.  <■  ai>  :  l.i 
area,  lateral  optical  resolution  is  limited,  obviously.  lol.msly 
and  other  interference  methods  lor  detailed  observation  are  best 
used  with  mit  roscopes. 

1.1.!  It  is  re  con  ni  ie  uded  that  a  two-beam  interference  microscope 

with  fifty  tt ai g nifica lion  be  used  as  standard  equipment  for  the 
investigation  anrl  control  of  surface  defects  of  one  (1)  to  twenty 
(201  tii  width  anrl  depths  of  between  0.02  and  one  (1)  x/n  . 

The  mic  ro  -  into  rfe  re  ncc  fringes  are  interpreted  as  is  customary 
in  inte  rl e  romc t  ry  . 

•> .  1 .  A  powerful  tool  for  qualitative  error  depth  assessment,  especially 

on  samples  too  la  rye  for  microscope  stages,  is  phase  contrast. 

Most  optical  instruments  by  aperature  limitation  will  effect  the 
loss  of  some  parts  of  the  total  spectrum  of  rd'  lected  light  lortniiu 
the  image.  Minute  discontinuities  of  surfaces  illuminated  in 
this  manner  can  be  resolved  for  evaluation.  This  simple  form  of 
phase  contrast  can  be  achieved  with  long  focal  length  imaging 
optics . 

J.  1.2.1  It  must  also  be  pointed  out,  that  any  inte  rfe  rome  te  r  in  a  nulled 

state  is  also  a  phase  contrast  instrument.  The  zero  order  of  the 
sample  beam  is  compensated  for  by  that  of  the  reference  beam. 

In  addition,  the  reference  beam  may  be  blocked  off  and  the  class¬ 
ical  knife-edge  may  be  positioned  in  order  to  stop  the  zero-order 
light.  Then  only  the  diffracted  light  forms  the  image  and  it  depict 
all  the  surface  defects. 


With  high  speed  collective  optic  imaging  the  most  informative 
images  are  obtained  by  cutting  oil  the  zero  order.  By  no  means 
should  lasers  b:  used  for  phase  contrast  because  small  angle 
diffraction  causes  ' '  F  re  s  nel- type ' 1  diffraction,  and  interference 
tends  to  obscure  the  real  information.  A  white  light  point  source 
is  best  qualified  to  illuminate  phase  contrast  optics. 
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M  KTIKH.i  Hll,  I.Ql  I !  ■*  M  I  ,i\  i  A  X  I  ■’  I  A  f  j  1  I .  i  I  1 1 .  S 


Pe  rhaps  the  most  important  ing  redient  of  .1  good  n  et  rology 
tacility  is  the  area  when;  the  c-t|nijjii  .t-tit  .inn  pails  are  store-! 

,111'i  handled.  The  environment  here  must  be  is  good  as  lie 
0  v  lii  run:  1  lent  where  the  parts  are  1 1  n  mil a  et  a  r  ed .  |i  is  liere  i.ii.it 
the  1  iiiijilonie  r.ite  etteels  ot  mn»  hitting,  lixturing,  parts  tiannlie.  , 
thermal  i-ili-rls,  etcetera,  a  n  evaluated.  1  or  this  reason  as. 
area  is  reserved  in  the  micro  t;  nchining  room  lor  tiiis  outpos. 
and  is  rie.se  rjbed  under  Task  4  -  I- ability  Spei  it  ii  a!  ion.  litis 
also  calls  lor  strict  supervision  and  control  ot  tin  n  ctrolojv 
ana  ot  tie-  facility . 

[  UK  ,\ll-,TI«)l,0(IV  AKKA 


First  ol  all,  this  area  should  he  free  of  all  activities  extent 
measurement  and  qualification  of  parts.  It  should  bo  kept 
clean  and  clear  of  apparatus  which  is  not  being  used  tor  the 
particular  measurement  in-process.  Therefore,  adequate 
cabinets  and  shelves  should  be  provided  for  ready  storage. 

The  parts  should  be  clean  when  brought  to  the  area  and  1  are!  dp, 
storeil  and  handled  in  the  area. 


4.1.)  INSPECTION  AREA  ENVIRONMENT 

Since  parts  configuration  and  geometry  are  often  tlv  question 
rather  than  absolute  part  size,  it  is  necessary  to  suppress 
disturbing  transients  over  a  period  which  is  usually  much 
longer  than  the  inspection  period,  without  necessarily  establishing 
a  Long  term  absolute  control  on  the  environment.  The  area  should 
have  controlled  lighting,  capable  of  establishing  areas  o: 
sufficient  illumination  or  darkness  to  perform  the  usual  metrology 
procedures.  These  as  has  been  mentioned,  include  visual 
inspection,  measurement,  recording  data,  photography,  and 
adjustment  procedures. 

4.1.2.  A  K  XI  LA  R  Y  EQUIPMENT 

I  he  room  should  be  equipped  with  tight  cabinets  where  critical 
parts  can  be  stored.  A  staging  area  tor  parts  to  be  soaked  to  the 
thermal  environment  should  be  provided  in  the  vicinity  ot  the 

II  ensuring  i  11st  rumen1  s .  A  clean  nir-tlow  hood  should  be  provided 
lor  final  cleaning  and  visual  inspection  il  the  parts  are  to  be 
Hacked  in  the  metrology  room.  Sullicicnl  electrical  outlets  tor 
tin-  me.usi  ring  instruments  should  be  readily  accessible  where  the 
measurements  are  to  be  made. 
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1.1.  '.  MKT  1U)1  AH', Y  BENCHES  AND  ISOLATION  EQUIPMENT 

I  lu-  most  important  single  piece-  of  equipment  for  such  a 
bnility  is  a  Larue  granite  table  mounted  on  vibration  isolation  air 
pads.  Optical  benches  and  other  measuring  set-ups  may  be 
made  on  this  tablet.  The  table  itselt  may  be  an  integral  part 
oi  air  slides  and  rotary  tables  which  are  used  in  the  measuring 
proi  i-ss.  It  has  been  mentioned  in  the  foregoing  that  the  use  oi 
nr  bearing  slides  and  rotary  tables  is  an  important  part  of 
se. inning  into  rfe  *-omotry  which  can  be  such  a  powerful  tool  in 
the  <|u,ili!ii  ution  of  parts.  Of  course  the  taole  should  be  of 
so:  tii  ieiil  si/e  and  capacity  to  handle  the  focal  lengths  and  weight 
it  parts  to  be  qualified.  At  least  a  section  of  the  table  should 
oe  :  latter  than  the  measuring  tolerance.  The  more  mundane 
setups  should  not  be  allowed  in  this  section  of  the  table. 

M  A  A  )  \T  >A  1<  Y  M  KT  RO 1  ,OG  Y  AREA 

‘-  >t  all  of  the  product  measurements  require  the  same  degree  of 
ei  vi  ronmental  control  An  area  that  is  suitably  enclosed,  clean 
and  temperature  controlled  to  within  a  few  degrees  fahrenheit 
will  prove  completely  adequate. 

This  room  might  be  well  equipped  with  an  optical  tunnel  with 
long  optical  bench  or  rail.  This  part  of  the  facility  would  be 
used  to  measure  diffraction  effects,  scattering,  and  the  like. 

It  might  also  be  used  for  Lloyd  interferometry.  Corrollary  to 
this  bench  and  the  measuring  tabic,  is  a  requirement  for  various 
optical  mounts  collimating  lenses,  gratings,  lasers,  light  sources 
and  fixtures  for  holding  the  measuring  instruments  and  parts. 

The  kind  and  amount  of  such  equipment  will  depend  greatly  on 
the  measuring  tasks  to  be  undertaken.  The  recording  equipment 
and  cameras  will  also  depend  a  great  deal  on  the  degree  of 
qua  lifica  tion  unde  r  la  ken . 
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<  Considering  the  foregoing  .is  well  as  the  testing  requirements 
called  out  in  the  machine  specification,  it  ni.iv  be  derived 
that  an  extensive  and  expensive  array  of  measuring  instruments 
arc  repaired  to  produce  diamond  machined  parts  of  optical 
quolitv.  It  is  not  reasonable  to  expect  that  every  small  shop 
or  facility  will  be  able  to  afford  a  complete  set  of  measuring 
instruments.  Therefore,  one  must  take  into  account  the  jobs 
at  hand  and  the  overall  capability  of  the  manufacturing  facility 
to  produce  parts.  For  instance,  in  the  case  of  certain  infrared 
optics,  tolerances  may  be  such  that  simple  qualification  tests 
will  suffice.  These  might  be  limited  to  visual  inspection  anil 
measurement  of  the  energy  collected  in  a  least  circle  of  con¬ 
fusion  for  the  optical  system.  On  the  other  hand,  optical 
systems  which  are  meant  to  operate  in  the  visible  region 
or  in  the  ultraviolet,  may  call  for  tolerances  which  tax  the 
capability  of  the  machining  system,  and  therefore  require 
rather  extensive  qualification  testing  to  tight  tolerances.  The 
most  desirable  system,  of  course,  is  a  system  which  will 
qualify  parts  as  they  are  produced  on  the  machine.  Acceptance 
of  such  data  as  a  qualified  source  inspection  is  difficult  to 
obtain  from  the  buyer's  qualify  control  department.  The 
following  system  is  specified  to  conform  to  the  requirements 
of  this  Army  Contract,  as  they  may  apply  to  the  sample 
parts  which  are  to  be  produced  and  to  the  results  of  the 
survey  conducted  on  requirements  by  the  military  for  the  next 
few  years.  Exceptional  cases  of  very  loose  tolerances,  or 
of  very  tight  tolerances  for  visible  optics  are  not  covered. 
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Qualification  on  the  machine  tool  called  out  in  this  specification, 
establishes  a  configuration,  accuracy,  and  stability  which  is 
capable  of  producing  parts  an  order  of  magnitude  better  than  it  ay 
be  rec|uirefl  for  infrared  optical  surfaces.  One  might  tern  'his 
capability  an  overkill,  however,  it  has  been  established  in  practi 
that  a  higher  degree  of  quality  and  production  capability  can  be 
derived  from  such  an  arrangement  with  good  economy.  There¬ 
fore,  it  the  machine  functions  are  monitored  with  complementary 
measuring  equipment  during  the  manufacturing  process,  one 
may  be  assured  that  the  parts  produced  on  the  machine  will  be 
of  the  desired  geometry  when  finished  on  the  machine.  To 
assure  the  effectiveness  of  this  in-process  measuring  capability  , 
it  is  advisable  occasionally  to  measure  a  sample  part  off  the 
machine  with  complete  thoroughness. 

On  a  machine  with  numerical  control,  such  as  called  forth  here, 
complementary  monitoring  can  begin  in  the  control  system  itself 
with  such  devices  as  parity  checks  in  the  program.  At  the  same 
time,  limits  can  be  established  for  servo  errors  in  the  control 
system  which  will  indicate  that  the  machine  has  properly  followed 
the  commands. 

The  machine  may  be  equipped  with  other  monitoring  equipment, 
such  as  temperature  sensors,  vibration  sensors,  spindle  speed 
monitoring  devices,  and  pneumatic  sensing  devices.  It  is  not 
difficult  to  conceive  an  array  of  such  monitoring  equipment 
which  will  assure  that  the  machine  is  operating  properly  during 
the  cutting  cycle. 

Ail  this  does  not  assure  that  a  sufficiently  smooth  surface  has 
been  produced  in  the  cutting  cycle.  Therefore,  certain  visual 
observations  need  to  be  made  by  the  operator  during  the  manu¬ 
facturing  cycle.  These  have  been  discussed  in  some  detail  in 
section  one  (1)  of  the  earlier  pages  of  this  specification.  For 
this  purpose  a  laser  light  source,  a  monochromatic  light  source, 
possibly  certain  aperatures  or  stops,  a  knife-edge  or  grating, 
or  other  optical  devices  may  be  attached  to  the  machine  tool  for 
the  operator  to  use. 
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As  has  been  discussed,  intrilirunictry  also  1 1  ay  be  perlm  :■ 

on  Hi.-  machine  laul  with  integral  int  e  ri  «•  run  at  ri <  setup-.. 

is  rr  i  oi :  1 1 1  c  ndi-d  that  scanning  inti- rle  rumct  ry  is  tin-  best  v  i .  <• 

loi  this  purpose.  At  least  it  is  possible  then  to  determine 

w  Met  he  r  or  not  the  parts  should  be  removed  iron  tie  t :  i  • . :  ■  , 

or  farther  finishing  should  be  attempted.  Sueh  tests  do  ill 

assure  that  the  part  will  stay  fixed  when  remov.  i  i  run  lie- 

11.  at  nine  tool,  during  its  lurther  handling  and  i  ii.-f  a  1  la  !  io: 

in  the  optica  1  system.  For  this  reason  oti-tiie  ii.i.ltine  n.e'r.do.  . 

is  required. 

Diagnostic  Testing  must  often  be  done  to  deterti.iiie  lault.s  in  the 
manula  etu  ring  or  metrology  equipment.  Probably  the  most 
di.'iicuit  thing  to  determine  is  overall  part  geometry  which  in¬ 
cludes  relation  ol  the  called  for  surface  to  other  reierence 
surfaces  on  the  part.  An  absolute  positioning  system  is  reqt,;  red 
for  this  purpose. 

The  air  mounted  granite  table  with  auxiliary  equipment  called 
for  in  section  four  (4)  are  required  tor  letermining  absolute 
part  geometry.  Probably  the  greatest  weakness  of  standard 
available  interferometric  equipment,  is  the  type  of  positioning 
aparatus  which  is  used  to  manipulate  the  part  in  the  inter¬ 
ferometer  array.  One  usually  establishes  an  interl'crogruii 
on  the  display  system  without  knowledge  o;  the  part  position, 
except  that  its  surface  best  fits  the  wavefront  established  !n  tin 
interferometer.  Therefore,  one  part  of  litis  metrology  speciti.  ate 
is  to  call  for  suitable  positioning  equipment  which  is  con  i  it  a- ns  u  iu  1 1 
with  the  called  lor  part  a-*  metry,  and  which  will  assure  a  quick 
and  orderly  part  positto  so  that  measurements  may  be  mad.- 
from  the  correct  r-  rjm  -'nos  and  planes  relative  to  the  sur'.a.  e 
Conversely  once  t;».  position  ol  the  surface  is  established  in  the 
measuring  scheme,  one  should  be  able  to  determine  the  absolute 
position  ol  mounting  surfaces  and  holes  which  are  integral  with 
the  parts.  Air  bearing  tables  and  slides  and  appropriate  actuators 
and  scales  are  essential  to  this  part  ol  the  metrology  arrangement. 
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Will)  the  call  lor  inli'  r!"  I'omrl  1  ii:  equipment  a(  han't,  h< .  I  •  > r  in1 1 
may  well  play  a  u'lwi-rtiil  role  in  ••sta  blishitn!  |>a  ris  in  <  ■  ■  1 1  pli  c 
i t ! i  the  specifications.  I  lol  n.’. r.i phic  inte  r1  e  rornet  .ry  is  nothing 
more  than  s  lamia  rd  i  nt  e  r  I  e  ion  ie  nl  ry  which  oses  a  specitie'l  vcy. 
:  null  tor  reterence.  This  wavefront  may  he  ueue  rated  oyiithcu 
ijy  so  c. ailed  holographic  means. 
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A>  Mi!  V  SI  ' I  '  1 :  it  \!'|i 


i !  ;  \\  i 


:>«•■  i '  i  iti'n  i  -  : . :  i  ■  •  i  ,i  •  ■  ;  i  : .  response  to  p.  i  ra  g  r  aph  i,  i.  •». 
i  -a  r 1 1 : i .  1 1  i"  ■  >.  I  h.  ■  >a  si .  Kftorl  oi  l  hint  c;n ■  t  I  )A  A  I  .  1 0  ■ 


i  ,iSf  1  -  Survc v,  the  :i  r-.t  si  .  tion  oi  this  report  details  tin-  i  uturc 
r<  (j  iirt’M  <  •  1 1 1  s  Sir  ;iivi  i  s  ion  to  i  chi  •  <■'!  optical  olcii.rni  s.  The 
•Ti-ir.tits  o',  the  -o  'Ten  i-nls  indicates  that  a  nuti.be  r  of  machines  is 
mired  to  meet  the  lemand.  it  was  further  determined  that  the 
p  ost  eumijiiiic  approach  is  to  provide  a  variety  of  basic  machine 
•.  on:  i  g  •.  i  r,i  t  ions  which  are  uniquely  suited  to  the  geometry,  si/e  and 
’olerance  level  o!  spec.il  ic  croups  oi  parts,  l  or  this  reason  a  room 
la r ce  enough  to  iiouse  several  machines  and,  where  necessary, 
appropriate  metrology  is  specified. 

f lie  iacilily  must  provide  an  environme  that  will  allow  these 
machines  to  pertorm  at  the  level  of  their  desiitn  specification. 
Because  the  parts  to  be  manutueture d  by  these  machines  will 
ri squire  various  tole  ance  levels  and  cutting  cycles  it  has  been 
decided  that  the  general  area  should  meet  the  majority  of  these 
requirements.  Marts  requiring  environmental  levels  more  closely 
i  ontrolled  than  that  provided  in  the  general  area  should  be  manufac¬ 
tured  with  machines  having  modn'  »rly  const  ructerl  local  enclosures 
that  will  provide  more  precise  controls  oi  temperature,  humidity 
and  -.u  oust  i  cal  isolation. 

MK1.M  A  I-!  V  MNCLOSINCi  ST  \<  I  f  MT  l  T<  Id  (General  Miami 

\  suitable  location  should  be  selected  in  the  primary  plant  area  to 
oust  ru<  t  in  environmentally  controller!  room.  1  ite  ambient 
t<  n  per  atma  of  the  enclosing  structure  shall  have  a  year  roatlil 
i-\i  ursiun  ol  not  greater  than  -If)'  ’  1  .  This  shall  occur  in  the  range 
>  i  !  .  to  ')>  )'  and  shall  occur  -it  a  seasonal  rate.  1  tail  y  change 
vi  -  I!  not  cxi  '-cl  1 1 )  I-  . 


inii'-rv  having  -i  vibr.ilory  output  such  .is  l.ms,  imn  ps,  i  •,  . 

»  supported  Iron  tin  overhe.nl  ol  the  primary  structure 
i-jssi:,!.-.  Mu  hine  |-j  that  I  ust  be  mounted  to  the  I  Ivor  should 
d  i'i'.i  n.ouiits  that  have  ,i  natural  frequency  below  ill, it  ot  an\ 
mi  i  m!.  ii  ai  hi  ne  r  \  .  <  hiiii-i  'ions  between  this  equipment  ant 

i.'-'i.ti  ■  •  1 1 1  1 1  roue  .himlc  j.  to. ole  with  isolation  joints. 


.  \  !•'<  '.-.a!  .  i  •  .  . '  1  (  -•>.  J  KiM.  !.!.!>  t  F  i..o 

1  lie  >■  Ilvi  I-'  I  1.1  .  I  1  1  V  v  "  !  !  1  I'  i  )  1  1 1  ■  <  I  fool  l  ,  should  l/e  !  !'<*('  S  I  t  ! ,  •  .  i. ;  I  a  ,  , 
sl  i'ih!  ur  illv  i  iii  ic  5>f  i;i  1  • :  it  ul  ill  but  the  Moor  01  t  ii  <  •  e  ne  1  o i : ,  j  pri- 
n..try  si  rtu  i  ure.  V«  common  us. Ml-  or  cilins,  should 
i  In  i  •  ree  i  irciil-iliuii  ol  i  r  i  M  j  i « ■  i  ■  i  .tic  0  round  in<-  out'-:'  w  o  I.  -  , ;  '  :  •  ■ 

iii’1  r  o  i  1  *  ■  i ;  fool*  is  a  c  c  om.  m  o' I  at  ed  . 

l’ht'  interior  walls.  Moor  and  eeid.inu  of  tin-  e  onl  rol  li  d  I'nun  ->■:•■■■■ 
‘/e  vrnntii  Mil  free  o!  <  revio'S  It/  preve.n1  'Mil-  coll'  (Mon  a  •  ;  .1  . 
ihn  roiMV  il  of  i  orci.un  nmUcr. 


n.c  outer  walls  and  ceilina  should  be*  insulated  with  a  mtteri  •.  i 
.‘i.t  viuu  a  t'.tclor  oi  K  21  to  minimize  heat  transfer  and  u  ru  vide 
ir.-nistir  isolation  and  should  1/e  surrounded  by  a  olisf.u  i  he  rn  al 
barrier.  There  should  be  one  primary  cut  ranee  to  the  root-., 
which  should  be  of  a  size  sufficient  to  accomodate  the  laice.-t 
anticipated  n  a  chine  r  v  and  handling  equipment.  fliis  entrance 
should  be  rnade  through  an  anti-room  which  will  prevt  nt  tree 
flow  of  air  from  the  primary  structure  and  shall  otter  ,ui.  ouset  - 
vation  vaiitaur  point  while  limitiim  act  t  ss  to  the  ror.t  rolled  ,  rea. 

An  emergency  exit  door  must  be  provided.  The  st  ructun  shoul<: 
have  no  window's  other  than  those  located  in  the  doors: 

The  interior  room  dimensions  should  be: 

I. e  11)4 th  fo1  -  0" 

Width  1  T  -  0" 

Floor  to  Ceiling  7'  -  u” 

Air  should  lie  introduced  into  tin-  room  by  means  of  appropriately 
distributed  ceiling  mounted  registers.  Louvers  should  be  positioned 
in  the  exit  air  stream  to  direct  the  air  down  the  outside  walls  to 
t  he  lloor.  A  series  ol  returns  should  l/e  located  alone  the  lone 
i  xi  s  of  tin-  room  in  the  ceiling  so  that  air  Mow  will  emcomp.iss  tin 
ai-ea.  d  he  placement  ol  inlets  and  outlets  should  be  such  that 
dire;  t  drafts  al  a  distance  create!'  than  three  feet  'foil  the  walls 
w  ill  be  a  voided. 


I  in  .Ml  f  1 1  >w  ..Mill  In 
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,it  tin-  register.  Room  a;  r  wll*  be  changed  at  a  rati-  ol  Zi  to  i<l 
times  per  hour.  Air  .should  be  rorvhu  let|  through  lifore  glass 
dusting  providing  acoustical  isolation. 

A  rot  figuration  unit  must  be  provided  to  initially  chill  the  air 
to  "> 5  to  b0:  I’.  '1  his  air  shouhl  leave  the  (liltusers  at  bU-b?"  i 
1  !  .  Temperature  excursions  over  a  Z4  hour  period  must 

no!  exceed  •  1  ]  ■  . 

Trim  heaters  should  be  located  in  the  air  duct  exiting  the  air 
conditioning  unit.  These  heaters  will  be  used  in  the  final 
regulation  of  the  air  temperature.  Dual  sensors  tor  both  heat 
and  cool  should  be  located  centrally  in  the  short  walls  at  both 
ends  of  tne  room.  They  should  be  located  about  five  feet  from 
tiie  floor. 

Relative  humidity  control  will  be  provided  by  the  air  conditioning 
unit.  The  relative  humidity  should  be  controlled  to  30  to  35  per¬ 
cent.  The  maximum  heat,  load  in  the  room  is  specified  as: 

Z  .  0  watt  /  sc|.  ft. 

6  people 
1  Z  horsepower 

This  load  may  vary  considerably.  Tor  this  reason  appropriate 
valving  for  a  hot  gas  by-pass  must  be  provided.  In  addition  the 
condensing  unit  must  have  provision  for  independent  operation 
for  use  (luring  cold  weather.  The  humidity  control  unit  should 
be  mounted  centrally  on  the  long  wall  about  five  feet  from  the 
four. 

While  it  is  not  initially  considered  that  the  inlet  air  requires  any¬ 
more  than  good  commercial  practice  filtration,  the  system  should 
be  capable;  of  operation  with  9 VJu  filtration. 

..')  SI  DIM. KM  KATA  KY  CONTROL  I  M  TS 

When  it  is  determined  that  the  tolerances  ol  a  part  to  be  pro- 
du.  ed  can  not,  be  held  when  them  il  excursions  ot  a  magnitude 
-ii  be  expe  lee  g,  the  c  out  rolled  room  are  imposed,  a  separate 
i  •,(  Jo.sure  enveloping  the  vital  i;  ichiue  areas  must  foe  provide':. 

I  Ins  on.  Insure  will  also  foe  required  when  working  witii  hy- 
Li'isisa.]  materials  that  require-  relative  humidity  ot  less  than 

!■>  per  e  III  . 

l-l 
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Tins.'  units  mu.it  lx-  sell  e ;  ml .  i  i  1 1 nrj  md  should  work  on  tin- 
uum'  principle  as  tlx-  hash  room  thermal  co  nt  r  oil  < ■  r .  1 1 1 1 1  •  t 

air  will  be  i.iUrn  It  m.  the  b.isi<  rooo  a  re  1  it  .1  t  <  in  pe  rat  u  re  o! 
o-t  i'  •  i  i  .  l-'rnvisinn  o  list  bo  1 1 . .  1  f i ' •  tor  chitlin.'  am!  th<-n 
heatim;  this  inlet  air  so  lliil  a  1  011st  ant  lc  1  npu  ratal  re  ol  f  >  H  ]• 

0.1  I  n.a\  be  I  oa  i  111  .  1  i  nerl .  NelaUVe  in  1  j  1  i  <■)  i  t  y  must  also  be 
1  on!  roller!  to  10  to  t>  Hero  in.  1 1  re<;ui  riui,  filtration  should 
be  provi'ie.;  in  these  units,  (l  ire  must  tie  taken  in  the  fie  ho. 

01  these  enclosures  to  insure  that  they  n'o  not  itnpari  vibratory 
inputs  ol  a  mechanical  or  acoustical  nature.  i.itihtiiu  wilitir. 
the  enclosure  should  he  provided  by  fibre  optic  transmission  ot 
similar  means . 
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